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INTRODUCTION. 



In attempting to interest young people by means of scientific 
experiments, a serious difficulty has to be encountered from the 
idea generally entertained that the study of science is unin- 
viting and difficult. The popular expositions of the subject 
have a tendency to confirm this impression; and from the array 
of apparatus on the lecture table, and the technical phraseology 
often employed, the impression is arrived at that science can 
only be pursued by those who make it their profession. , 

This feeling is much to be regretted, for it deters many fi^om 
pursuing that which, after the first difficulties are overcome, is 
found to be the most fascinating of all the objects to which our 
intelligence can be directed. What, we would ask, can be more 
interesting than the inquiry into the causes of those changes 
which we are daily witnessing in nature, and which in many 
cases we can repeat on the small scale in our laboratories ? 

The question of expense is oft;en urged as a reason for not 
pursuing science, and throughout the following pages we have 
endeavoured to remove the grounds of this objection. The 
whole of the experiments in our Chemical Section can be tried, 
with two exceptions, wit^t'^^par^tus costing about ten shillings; 
and the course has been »q^sMttb0d.'as to include all the leading 

class illustrations geneSuftJffahVfe at public lectures. We 

v>^'* .-■■ 



VI INTRODUCTION. 

would here remark that experimenting at the lecture table and 
in the laboratory is a very different matter. At the former the 
lecturer generally makes a great display of apparatus, and has 
to make all his experiments on the large scale, so that all present 
may observe the effects; whilst in the laboi-atory the most 
simple contrivances are employed. To so great an extent is 
this the case, that the most serious duties of the professional 
chemist, that of deciding on the presence or absence of a poison 
in criminal cases, can be performed with apparatus costing but 
a few pence. 

Our object has been to entice our youthM readers by giving 
them brilliant and yet instructive experiments ; and . we have 
endeavoured to avoid as far as possible all technical phrases. 
With respect to the apparatus required, we have given detailed 
explanations both of its \ise aaad construction, and when necessary 
have added cautions^ so that by a little oare the risk of accident 
may be avoided, 

The first subject of our expeiivients is that of Chemistry, by 
which we are enabled to find out the characters and qualities of 
various substa-nces, a^d also to learn in what respect they differ 
from each other. In former times Alchemy was followed by 
many, in the hop^ that they might discover some means of 
turning the ba^er metals into gold, of course entirely forgetting 
that such a discovery would have defeated its object by making 
gold of comparatively little worth, from its abundance. 

Jitodeyn qhemistsi have discovered only some sixty or seventy 
8imp],e bodies in nature; and,| as we have explained,^ these 
ar^ called eleiuenija The ancients applied this term to 
^QT^h, air, fire,^ ^d water, three of which have been examined 
aA4 proved to be made up or compounded of elements. In 
modern science these would, therefore, be called compounds. 
The chemist is able by analysis to find out what all compound 
sulMttancea a^re opxp-posed of, a^d by synthesis he is enabled to 
pi^t elementary bodies together to foym new compounds. 
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Bat the diemist baa to dep<»id on oertain powers in nature, 
without which he would be perfisctly helpless. Thus without 
Heat he could not fiise or dissolve many substances ; without 
Light he ooiald not judge of their appearanc& Electricity and 
Jilognetisni are also essential in many of the changes going on 
around us. We have accordingly introduced a great variety 
of experiments with these four forces, and have also given 
directions lor pursuing many of their applications, such as 
photography, electi'otyping, ^ On the subject of Bound we 
have introduced some facts and experiments relating to music, 
musical instruments, dbc. 

There are* many most interesting matters in connexion with 
air, water, and solid bodies both at rest and in motion, which 
have given rise to those branches of science called Pneumatics, 
Hydrostatics, and Mechanics. In our experiments on these 
subjects we have introduced some remarks on the steam-engine, 
and other modes of obtaining motive power, which will, we 
hope, prove interesting to most of our young readera. 

In the course of our remarks we have explained the use of 
nimierous philosophical instruments, and in many cases have 
given full directions for constructing them. Amongst these we 
may mention electiical machines and apparatus, galvanic bat- 
teries, the electric telegraph, micix>8copes, telescopes, stereo- 
scopes, polariscopes, photographic apparatus, cameras, magic 
lanterns, barometers, thermometers, and many others which we 
need not name here. 

Our last section, on Natural Magic, is meant entirely for 
amusement. Not a word have we said about science in it, 
although all the experiments we have named depend more or less 
upon some matters which have been referred to in previous 
page& We have given in this section several tricks which we 
learned from three genuine Chinese, and have endeavoured to 
make as much fun as possible for the holiday amusements of our 
young friends. 
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Having thus explained the plan of our work, we have only 
to say that, in offering its pages to the perusal of our young 
friends and others, we do so in the hope that our humble 
attempt may fecilitate the pursuit of experimental science. 
We have ventured to adopt a ^miliar style, in the belief that 
such would be generally acceptable. Whilst plenty of entertain- 
ment may be found, we trust that some of the fruits of the tree 
of knowledge may also be gathered. The study of nature at all 
times repays the inquirer, and, if followed with an intelligent 
and earnest disposition, opens out sources of pleasure which 
are not exceeded in any other pursuit ; for in it we continually 

" Find tongues in trees, books in the running brooks, 
Sermons in stones, and good in everything." 

J. w. 

10, Stationers' Hall Court, London. 
November, 1860. 
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EXPERIMENTS IN CHEMISTRY. 



OXYGEN. 

As we do not propose attempting to make our readers profi- 
cients in science, we shall omit giving details of va4%ou8 ways of 
obtaining the gases, &c., with which we intend experimenting ; 
and shall only name the best, easiest, and simplest plan, leaving 
advancing students to seek for fui-ther information in the works 
of Fownes, Griffin, Turner, Biunde, or Graham. 

Oxygen gas affords us a great variety of beautiful experi- 
ments ; but, before describing its preparation, we shall mention 
a few results obtained by very simple means which will illus- 
trate some of its properties. 

ExFEBiMENT 1.— Into a common fire throw a teaspoonful of 

B 
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powdered saltpetre. At tlie instant the salt touches the red- 
hot coal, a most brilliant combustion takes place, owing to the 
oxygen contained in the salt leaving it to combine with the 
charcoal contained in the coals. 

Experiment 2. — Obtain some zinc shavings, which you may 
easily get from a tinsmith, and hold some of these in the flame 
of a common candle. They will bum with a beautiful blue 
flame, and a fine white powder will fly off", which is called 
" Philosopher's wooL" This experiment succeeds, because the 
air we breathe contains oocygen gas ; and, although the zinc and 
gas seem lost, such is not the case, for they have simply changed 
their state. The white powder contains both, and is the rust^ 
or, as we say in chemistry, the oxide of zinc. 

Experiment 3. — ^Under a common glass tumbler, with its 
mouth downwards, place a small piece of candle already lit. 
You will find that the lighfc will soon go out, because the wick 
and tallow have, during their combustion, robbed the air of its 
oxygen. 

Experiment 4. — A mouse confined inside a closed tumbler 
will die so soon as the air contained in the glass has lost its 
oxygen, inasmuch as the mouse consumes that gas by its lungs, 
as the flame of the candle did in our last experiment by com- 
bustion. 

Experiment 5. — ^Throw a small piece of potassium into a 
basin of water. The oxygen in the water will leave it to com- 
bine with the metal, and a beautiful combustion will take place 
on the surface of the liquid. 

Experiment 6. — ^To vary this, put two or three little pieces 
of potassium into a teaspoonful of ether, and throw the spoon 
and contents into a pail of water. The whole surface will im- 
mediately catch fire. The experiment may be repeated on a 
pond with still greater effect, and our experimentalist may thus 
teach his young friends the notable feat of " setting the Thames 
on fire." 

A plan was proposed by Mr. Mcintosh for the purpose of 
destroying the shipping and harbour of Sebastopol during the 
late war. A bombshell filled with ether, and containing some 
pieces of potassium, was to be fired from a mortar, and on 
striking the sides of the ships in the harbour it would on break- 
ing have produced the same result as that we have just described, 
and doubtless would have been destructive in its effects. The 
reason of its non-application suggests that we should caution 
our young fiiends against danger ; for as ether is very inflam- 
mable, great care must be observed in its use. On trying the 
last two experiments, keep at least three or four feet from the 
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water, lest the pieces of potassium should fly into and injure the 
eye at the moment of their touching the liquid ; an accident 
which once nearly caused the loss of an eye to the writer. 
Never try the experiment near a gas or lamp flame, lest the 
ether should catch fire. The impossibility of trusting a quan- 
tity of these dangerous substances in the hands of our brave, but 
often careless " tars," prevented the employment of this plan. 

Experiment 7. — Fill a tumbler with cold water, and turn it 
upside down in a basin of water, so that the liquid shall still 
remain in the glass. This is easily done, by keeping the mouth 
of the glass under water after the air has all passed out Into 
the glass pass a few small pieces of fresh plucked mint, and 
place the whole in the direct rays of the sun. On examining 
the tumbler after a few hours, bubbles of gas will be found at 
the top. This gas is pure oxygen, obtained by the action of 
the vital power of the plant, aided by the sun's heat and light. 
On this principle the common aquarium is arranged, its plants 
affording oxygen to the fishes, &c. 

We have thus shown, by these experiments, how oxygen may 
be found in a salt, in air, and in water ; and it may be interesting 
to observe here, that we are indebted to this gas for our life, 
for the colours of the flowers, the existence of our plants and 
trees ; and, in fact, it is the most abundant, and perhaps the 
most useful agent on the face of the earth. We shall now 
show how you may obtain this gas in quantity for further ex- 
periments, for which the following apparatus is necessary. 

For making small quantities of oxygen, a retort is used, 
which is intended to hold the mixture fi:om which the gas is 
produced. 

Fig. 1 illustrates one of these vessels. 
They vary in size, but one holding a 
quarter of a pint will answer the pur- 
pose. 

A more simple arrangement is that 
of a test tube, into the neck of which a 
cork is fitted with a bent tube, either of 
metal or glass. Fig. 2 represents one of these. 

Another, and still better plan, is to 
employ a Florence oil-flask. Empty 
ones may be bought for a penny each 
at the oilman's, and they should be 
careftdly cleaned, by either a strong 
solution of soap and soda, or some 
sulphuric acid. After all the oil is j,. „ 

washed out, fit into the neck of the ®* 
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flask a good cork ; through the cork bore a hole by means of a 

wire, or by a red-hot skewer. Into this a bent glass or pewter 

tube, about eighteen inches long and a quarter of an inch wide, 

must be fitte(^ so that the whole shall present the appearance 

represented in Fig. 3. We recommend this plan to our young 

friends, as being the cheapest and sim- 

^\ plest. We have made oxygen by this 

^^^ m. simple apparatus from the smallest 

^/^ fl quantity to eight or ten cubic feet at a 

x^^ M \ *i^6> *^d ^^ arrangement can be used 

mJ^ \ for numerous other purposes. 

|r^/ J Either of the above being employed 

N^HF^ ^ ^o\A the materials, you will also 

Pig. 3;, require some means of obtaining heat. 

For this purpose a gas jet will do, but 

a spirit-lamp answers better. The instrument makers sell glass 

ones at various prices, but a common tin oil-lamp costing about 

sixpence, will answer perfectly well. Since the change in the 

Excise laws, methylat^ spirit is largely used by chemists. The 

lamp is two-thirds filled with spirit, and a common cotton 

wick is employed. Fig. 4 gives an idea of the most approved 

form of the glass lamp, with a cap, 

whose use is to prevent the loss of 

spirit by evaporation when the lamp is 

not burning. 

To collect the gas you will requii^e 
what is called a pneumatic trough. A 
tin, or zinc box, measuring a foot high. 



wide and deep, will answer very well ; 
and a tray should be made to hold the 
jar, or bottle, while filling with gas, 




Fig. 4. 



Our diagram {^g, 5) gives an idea of 

the construction of those generally 

used by chemists ; and an intelligent tinsmith will be able at 

once to construct one on inspect- 
ing our illustration. In practice, 
however, our young fidends can 
do just as weU with a common 
basin or a paiL We always use 
the latter ourselves in preference 
to any other arrangement. In such 

a case you must hold the gas jar by the hand wh&t the gas passes 

into it. The shelf of the pneumatic trough saves this trouble. 
The vessels intended to receive gases are called gas jars. 

These may be of any kind, from a common tumbler to one of 
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the usual sort represented in fig. 6. The green-glass preserve 
and sweetmeat jars answer exceedingly well for this purpose, 
and in some cases the tall glass vessels used bj confectioners, as 
window show-glasses, may be used with advantage. 

An arrangement of some kind 
must be provided to hold the retort 
or flask over the lamp, when gases 
are produced by heat These are 
called retort or ring stands. Fig. 7 
gives an idea of the kind usually 
found in laboratories. Our young 
Mends can easily construct one of 
these by obtaining an iron rod three- 
eighths of an inch thick, and eighteen 
inches high, which should be fixed in a wooden foot. On this, 
rings of iron wire should be fastened, by twisting the wire 
thrice round the iron rod, and forming a ring by means of the 
other extremity. The wire should be of a size called No. 10 
gauge in the trade. An inspection of our engraving will enable 
any one to imderstand the construction of one of these arrange- 
ments. 

In some experiments with oxygen a holder is required, 
by means of which you can suspend phosphorus and other 
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Fig. 8. 

bodies in a jar of the gas. One of these is depicted in fig. 8. 
It consists of a cup of brass, attached to an iron wire. The 



6 



CHEMICAL EXPEKIMENTS. 



further end of the wire may be passed through a cork, so as 
to form a handle or rest at the top of the jar. (See fig. 13, 
where one is represented in use.) Two of these should be 
obtained. 

The mixture fix)m which we obtain oxygen in quantity 
is made by pounding sepai-ately two parts of chlorate of potass 
and one part of black oxide of manganese ; the two may then 
be mixed together, and kept in a well-corked bottle. When 
referring to this again, we shall call it the oxygen mixture. 

Having thus described the apparatus required in making 
oxygen, we now proceed to explain its production. 

Experiment 8. — To prepa/re Oxygen Gas, — Take either 
the small retort, test tube, or flask, and pour in a table- 
spoonful of the oxygen mixture; shake the vessel until the 
bottom is equally covered, then place the bulb of either vessel on 
the ring-staiid, and dip the end of the stem or pipe, four or five 
inches beneath the surface of the water contained in the pneu- 
matic trough or basin. You must then fill the spirit-lamp to 
about two-thirds of its bulk with methylated spirits, or spirits of 
wine ; the former is cheaper. Having lit the wick, place the 
lamp so that its flame may just touch the bottom of the retort. 
In a few moments bubbles of air will pass through the water in 
the trough ; these should be allowed to escape ; the heat may be 
then gradually increased. The gas jars or bottles having been 
filled with water in the trough, are to be raised, so that their 
mouths may be over the end of the tube from which the gas is 
escaping, and yet below the surface of the water, so as to retain 
the liquid, as we explained in our Experiment 7. The gas will 




Fig. 9. 
thus pass into the glass vessels, displace the water, and by filling 
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them one by one you will gradually acquire a stock of gas for 
future experiments. If you employ gas jars, they may be 
removed by slipping a plate under their lower edge, in the 
water of the trough, and raising them with the plate, retaining 
a little liquid so as to prevent the gas escaping. With respect 
to the bottles, they simply require corking before removal from 
the trough, and whilst their necks are under water. 

A little practice will insure success; but to make our 
description more easily understood by the beginner, we annex 
a diagram (fig. 9), explaining the whole operation. 

In the above diagram an Argand spiiit-lamp is represented ; 
a retort holds the materials, and through a bent glass tube fitted 
in the stem of the retort, the gas passes, into a basin of water, 
and fills a glass jai*. As soon as gas ceases to pass from the 
tube, the retort or flask must be immediately removed ftx>m the 
water, lest the liquid should rush back into the vessel, and so 
destroy it. 

When oxygen is required in large quantities, a different 
arrangement is employed. The most common is that of a 
mercury bottle, into the neck of which a bent iron tube has 
been screwed. The bottle is then charged with the oxygen 
mixture, and heat is applied from a common fire. The black 
oxide of manganese is sometimes used by itself, as being more 
economical To receive the gas, gasometers of various shapes 
and sizes are constructed. Our diagrams, figs. 10 and 11, will 
give you an idea of both the mercury bottle and a very con- 
venient form of gasometer or gas-holder. 




^stmm 




Fig. 10. 



Fig. 11. 



Having thus described to you the best plan of preparing 
oxygen in such quantities as it will be required, we shall 
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presume that you liave filled a few bottles, and ai-e, therefore, 
ready to commence experimenting. 

Experiment 9. — Dip a lighted taper into a jar of oxygen. 

The light will be greatly increased, and the wick will bum 

much faster than in the open air. 

Experiment 10. — To re-light a Taper, — Blow out the 

light, so as to leave a little of the wick red-hot. 

Whilst in this state dip it into a jar of oxygen, 

and it will immediately re-light. This may be 

llii repeated many times with the same jar of gas. 

i \ The tapers best suited for this experiment are 

f; ii those used for lighting gas, but a common tallow 

candle answers nearly as welL 

Experiment 11. — Tie a small piece of chaiv 
coal to the end of a piece of thin brass or copper 
Fig. 12. wire ; make the charcoal red hot, by holding it 

in the spirit-lamp flame. When red-hot, im- 
merse it in a jar of oxygen ; a most beautiftil combustion will 
take place, sparks flying off" on all sides. Box-wood charcoal 
answers best for this purjwse. 

Experiment 12. — Put a small piece of phosphorus, not 
larger than a pea, into the phosphorus cup or holder (page 5, 
figure 8). Remove the glass stopper or cork from one of your 
jars of gas, and set fire to the phosphorus by means of a taper. 
Dip the" cup into the jar immediately, and a splendid light will 
be product. This forms one of the most brilliant experiments 
in chemistry. The heat often cracks the jar, and as there is no 
sure way of preventing this we recommend the use of the 
preserve or sweetmeat bottle, as being of little cost in case of 
breakage. 

Experiment 13.— Put a small piece of sidphur into another 
holder, first lighting it, by heating the cup in the 
flame of a candle ; introduce it into a jar of oxygen, 
and a fine blue light will be given out. 

The two last experiments afford instances of the 
production of acids by burning the two substances 
in oxygen. These acids may easily be detected 
by tastmg the water which is left on the sides of 
the glass whilst making the gas ; this absorbs the 
fiimes and will be found strongly acid. The name 
of oxygen is, in fact, deriv^ from two Greek 
words, — "oxns," acid, and "gennao,** to produce ; 
the early chemists imagining that it was the sole acid-pro- 
ducer. The acids we refer to above are the phosphoric and 
siilphurous. 




Fig. 13. 
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Experiment 14. — Obtain from the watchmakers a piece of 
steel spring, or a piece of twisted steel wire, as 
thin as possible and about ten inches long ; to 
one end of this, tie tightly a piece of wick about 
an inch long, taken from the inside of a composite 
candle or a common taper. Pass the other end of 
the spring through a bung or cork, which will 
foim a holder. On lighting the taper and dipping 
it into a jar of oxygen, the steel will catch £re, 
burning most brilliantly, and filling the interior of = 
the jar with a red powder. This, in place of Fig. 14, 
being an acid, as we obtained in our last experi- 
ment is an oxide, or combination of oxygen with a metal. 
Whenever the term oxide is used, it simply means this, and is 
another mode of expressiag the idea of rv^st. Rust of iron is 
produced by air and water, through their parting with oxygen 
to the metal. Our present experiment produces the same 
result by the action of heat. 

Experiment 15. — Procure a common bladder of large size, 
and after cleaning the neck, by soaking the whole in warm 
water and rubbing with a dry cloth, tie tightly into it one end 
of a common stopcock, such as is used by gas-fitters. The 
bladder may be filled with oxygen, by receiving the gas into a 
jar to which another stopcock is attached ; but as that plan 
involves expenses too high, perhaps, for our young friends, we 
shall leave its use to those who can afford to purchase costly 
apparatus. One simple plan is as follows : — 

After tying the bladder to the stopcock, drive out all the air 
it contains by gentle pressure, and leave it moist Then tie to 
the end of the stopcock a piece of india-rubber tubing about two 
inches long. Into a wide-mouth bottle holding about a pint of 
water fit a cork which has had two holes bored through it, just 
large enough to receive two pieces of pewter gas-pipe. One of 
these must reach to the bottom of the bottle, and the other 
should just pass into its inside through the cork. The bottle, 
which we will caJl the purifier, should then be three parts filled 
with water ; and having your retoiii or fiask ready for making 
oxygen, attach its stem, by means of another piece of india- 
inibber pipe, to the pewter tube which reaches to the bottom of 
the bottle. The short pipe is to be attached to the stopcock of 
the bladder. The whole apparatus is represented in our sub- 
joined diagram, fig. 15. On the right we have the Florence 
flask, in which the oxygen mixture is contained ; in the centre 
the purifier, whose object is to retain any manganese or chlorine 
which may pass over j and on the left the bladder is observed 
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in the process of filling. After all is prepared run a little 
melted cobbler's wax over the cork of the bottle, to keep it air- 




Fig. 15. 



tight ; then open the stcJpcock of the bladder. On lighting the 
spirit-lamp, the gas will pass from the retort through the water 
in the bottle, and proceeding through the stopcock will gradu- 
ally fill the bladder ; as soon as this is filled, remove the retort 
before you take the spirit-lamp away, lest the water might pass 
into it and destroy it The whole apparatus described above 
will not cost above three or four shillings, and will be again 
useful, as we shall show you under the head of Hydrogen 
gas. 

By an apparatus of this sort, we have often filled large gas 
bags ; and with care the retort, or Florence flask, will last a 
long time, providing you apply the heat gradually, and leave 
the glass to get perfectly cool, before any attempt is made to 
clean it, which should be done by rinsing it with cold water. 
"We always use the Florence flasks ourselves for the purpose. 
For the following experiments, a common tinman's blowpipe 
should be attached to the stopcock of the bladder, by means 
of a piece of india-rubber. 

One of these blowpipes is 
represented in fig. 16. But 
a more convenient form of 
the arrangement is made, 
by attaching a straight piece 
of brass tube ending in a 



Fig. 16. 



n 



fine jet to the stopcock, by means of a piece of india-rubber 
tube, or instead of this, you may fix on a common tobacco-pipe 
stem. In either case, our ^, 17 illustrates the whole arrange- 
ment when in use. 
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Experiment 16. — Take a 
tliick piece of steel spring, and 
inserting the jet in the flame of 
the spiiit-lamp, open the stop- 
cock and press the bladder under Fig. 17. 
the left arm. This will force the gas through the flame ; and 
by holding the end of the steel, at the point where the heat is 
strongest, the spring will catch fire and will melt, felling in all 
directions with splendid sparks. 

Experiment 17. — Use a small cast-iron nail, in place of 
the spring, and a similar effect will be produced. 

Experiment 18. — The Oxycaldum Light. — Instead of the 
spring, drive the flame on a small piece of common lime or 
chalk. A fine white light will be given off*, far exceeding in 
strength that of a great number of gas-lights; and by these 
means, a large room may be most brilliantly illuminated. This 
plan is often used, for the purpose of obtaining a light in the 
magic lantern, instead of the oxyhydrogen light, of which we 
shall speak hereafter. By holding the hands, or allowing the 
hair of the head to fall in front of the light, most laughable 
effects of shadow may be produced ; the profile of the face is 
enormously magnified, converting a child into a giant. 




Fig. 18. 



Experiment 19. — ^We shall hei^e suggest an arr^ii^^smKc^ ^'l 
the light which, by a little dexterity, may \>e iiisA<e, >uc> «Sss^^ 
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plenty of ftin to " children" of all ages. In our diagram (fig. 18) 
the light is supposed to be produced from the apparatus on the 
small table. The bladder containing the oxygen may rest on 
the floor, and be pressed by means of a board and weight. The 
rest of the arrangement is easily understood. If the hands and 
fingers are so arranged as to give a shadow representing the 
likeness of an animal, or of the human face, and a screen or 
sheet is suspended, so that the shadow may fall thereon, the 
spectators on the other side of the screen will see an enlarged 
image of the shadow ; and by varying the position of the hands, 
&c., a vast variety of effects may be produced. Another plan is 
to let any member of the company place the face so that the 
shadow of the profile may fall on the screen. The rest of the 
company guesses who it is, under penalty of a forfeit should 
they make a mistake. The sheet, or screen, should first be 
wetted, so as to make it more transparent. We may just men- 
tion that an oK-bladder holding half a gallon of the gas, about 
a usual size, will last about twenty minutes ; and, by having a 
few ready filled, you may maintain the light as long as you 
please. 

Experiment 20. — Combustion of Zinc, — ^Take some zinc 
shavings, and having lit them, blow on the flame some oxygen 
from the jet A most beautiftil combustion ensues, which 
affords a brilliant experiment. 

Experiment 21. — The Bude Light, — Into the inside of 
an Argand gas or oil-lamp tube, fit a cork so that no air can 
pass to the inside of the flame. The light will thereby be 
nearly destroyed, and the flame become smoky. If you now 
make a small hole through the centre of the cork, and introduce 
the jet of the oxygen bladder, permitting the gas to pass gently 
up the Argand tube, instead of common air, a fijie white light 
will be observed. This has been named the Bude LigJU, by 
Mr. Gumey, who has applied it for illuminating the Houses of 
Parliament and other public buildings, although in a somewhat 
modified form. 

As we have already remarked, our atmosphere contains 
oxygen gas, and without it all animal existence would perish. 
With it, however, is mixed another gas called nitrogen, the 
object of which is to lessen the action which would otherwise 
take place on the animal and vegetable economy. By this wise 
admixture we are enabled to live in what we may call a sober 
state of life. The stimulating effects of oxygen may be tried as 
follows : — 

Experiment 22. — Breathing of Oxygen, — Place the stop- 
cock of the oxygen bladder in the mouth, and, closing the nose 
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by the fingers, breathe the pure gas. The whole muscular 
system will be excited, and a lively action sometimes induced. 
A still greater effect is found by using laughing gas, a com- 
pound of oxygen and nitrogen, which we shall speak of in our 
next section. 

The experiments we have thus brought before you will teach 
the qualities and nature of oxygen ; but before we close them, 
we must remind you of some occuiTences in daily life in which 
this gas plays a veiy important part. The reason our tall 
chimneys produce so great a heat in the furnace is, that they 
draw the air rapidly through the burning coals, and so afford a 
rapid supply of oxygen from the atmosphere. The same is true 
of the steam blast of the locomotive, the bellows of the smith, 
and the smaller ones used by our housemaids in making the fire 
in the grate bum up quickly. Indeed, our respiration is some- 
what of a similar kind of process; for each time the chest 
heaves, a supply of air is drawn to the lungs, which, as we shall 
afterwards explain, enables our food to "bum" in, and to give heat 
to our bodies. The intense heat of the iron furnace is produced 
by driving air rapidly through the fire by means of immense 
air-pumps or fans. Vegetable growth and putrefaction are due 
to the action of the oxygen of the atmosphere which surrounds 
us. And, in fact, to name all the effects due to this interesting 
agent, we should have to detail to you almost all the operations 
going on daily on the face of the earth. We cannot refrain 
from reminding you, how astonishing must be that Wisdom 
through whose arrangements so many effects are produced by 
the action of one substance.* 
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Having spoken of what we may call the active ingredient of 
the air in our last section, we now propose to introduce some 
experiments with a gas also found in the atmosphere in much 
la^er proportions, but whose use is to temper, or, if you please, 
to tame down the effects of oxygen. 

* Before closing our remarks and experiments on oxygen, we must 
urge our young readers to make it a rule to clean all their apparatus on 
enaing weir experiments. Take care to let all glass vessels get cool 
before washing. Use plenty of cold water to cleanse them; and diy 
your vessels by draining them, and then by wiping the owt&\<l<^ ^viS^ ^ 
soft towel. 
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Nitrogen derives its name from two words, signifying *'to 
produce nitre," from which, indeed, nitrogen may be obtained. 
It is also called " azote," which means " depriver of life," for 
this gas we cannot breathe without risk of instant death, not 
because it is poisonous, but rather through its not possessing 
life-giving or sustaining powers. 

It may be obtained in various ways, but the following is the 
easiest plan : — 

ExFEBiMENT 23. — To procwte Nitrogen. — Take a tumbler, 
a tall glass jar, or a jar such as are used as show-glasses by con- 
fectioners; place this full of air, with its mouth downwards, 
near a soup plate, or basin filled with water, and have by you 
a jug of water, to replace any which will be driven into the 
vessel during the experiment ; then, on a small piece of wood, 
cork, or in a common thimble, put a piece of phosphorus, light 
the phosphorus, and let it swim on the surfjace of the water in 
the plate, placing over it the glass jar. A few bubbles will at 
first be driven out, but eventually the phosphorus consumes all 
the oxygen in the aii*, and the water will rise inside the glass. 
The gas left is nitrogen gas, which will become clear by leaving 
it for a quarter of an hour over the water. 

Our diagram represents the 
glass jar in whi(^ the phos- 
phorus is burning. As the 
water rises inside the glass 
pour more into the plate, 
until it ceases to pass into 
the jar, otherwise air will 
enter, which would prevent 
your obtaining the nitrogen 
Fig. 19. in a pure state. 

Experiment 24. — Nitrogen will not support combustion. 
To prove this take a smaller glass vessel, fill it with water, 
and allow the gas you have just obtained to pass from the large 
to the small vessel. This is done by holding each in a pail of 
water, with their mouths beneath the water surface, but the 
large one underneath the smaller, and by raising its lower edge, 
till its gas passes into and fills the small one. When filled lift 
it gently, still with its mouth downward, from the water. 
Introduce now a lighted taper, which will be immediately 
extinguished. 

Experiment 25.— Four parts of nitrogen with one of oxygen 
will produce five parts of common air ; in feet, this is just such 
a mixture as forms our atmosphere. To tiy this, divide a glass 
jar into five parts, by pasting strips of paper outside. On 
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paasing into the jar the two gases in the above proportions, 
after the manner named in our last experiment, common air 
will be produced, which can be tested by a candle, as mentioned 
in Experiment 3, and compared with another glass jar of air 
' of the same size, when you will find that the candle will bum 
for the same length of time in each. 

These experiments are sufficient to show you the qualities of 
nitrogen in its pure state ; and although we have ordy selected 
three, you must not suppose that this is all we can afford with 
this gas. On the contrary, we shall have to show you that it 
is found in all animal bodies, also in hair, horns, feathers, coals, 
and some trees. Ammonia, nitric acid or aquafortis, prussic 
acid, bread, and a vast variety of other substaices, contain it ; 
but as we shall speak of some of these imder separate heads, we 
shall next present you only one of its forms, that is, when it is 
combined with or united to oxygen, — ^we mean, that of " laughing 
gas," which is an oxide of nitrogen, for the making and use of 
which we shall give fiill directions, accompanied with all neces- 
sary cautions. 

Experiment 26. — To procv/re Laughing Gas, — Put two 
ounces of nitrate of ammonia, which you must obtain from an 
operative chemist, into a retort or Florence flask with a bent 
tube. (See figures 1 and 3.) Place this on the ring-stand, 
and let the stem of the retort or flask dip into the pneumatic 
trough, or in a basin. Instead of using cold water in these, a 
solution of two ounces of sulphate of iron or green vitriol dis- 
solved in a gallon of warm water should be employed, the 
object being to purify the gas as it passes through the liquid. 
A gas jar open at one end, and corked at the other, is now filled 
with the water in the trough, and arranged so that the stem of 
the retort shall dip imder its lower edge. (See fig. 9.) A 
gentle heat is now to be applied to the retort by means of the 
spirit-lamp till the salt contained in it melts. Laughing gas will 
then pass over and will gradually fill the glass jar, of course 
driving out the water. When no more gas passes over, remove 
the retort fit)m the ring-stand, and let the jar of gas stand 
over the water for some time, so that any gases present, which 
if breathed might do you serious injury, may be absorbed. You 
will observe that the process is exactly like that used for 
making oxygen, with the exception of our last-named precau- 
tion, which you must never feil to observe. 

Experiment 27. — To breathe Laughing Gas, — Never try 
this experiment, unless, at least, two persons are present beside 
yourself; and secure the person who is about to bx^-a.^JcL'^ ^'fe 
the gas, to a post, by a rope fastened rouad ^k^ ^^^sXk ISa^^ 
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ready a cork, wliich will just fit the neck of the glass jar you 
have filled with gas, and into this cork fit a piece of pewter 
tube, which must pass through a hole bored in the cork. To 
this a piece of india-rubber piping about three feet long should 
be attached, ending in a small piece of metal tube, which will 
serve a^ a mouth-piece. Our diagi-am, fig. 20, will explain 




Fig. 20. 

the construction of the arrangement. On the right, you 
observe the pneumatic trough, in which the jar of gas stands. 
From the jar the india-rubber tube passes, and through this, 
the person taking the gas, inhales it into the lungs. 

The usual plan is to transfer the gas to a bladder. This may 
easily be done by using the arrangement desciibed and illus- 
trated in ^g, 15. We recommend the above plan as the safest, 
as no danger can arise from the presence of any other than the 
gas you require ; whilst a bladder does not offer the same chance 
of safety for reasons which it would be tedious to state to our 
young friends. After removing the cork from the jar and sub- 
stituting the one just now described, the person taking the gas 
should place the mouth-piece in his mouth, close the nostrils 
with the fingers, and inhale the gas into his lungs, imtil you ob- 
serve a peculiar appearance in his eyes, say after a few seconds 
of time. Remove now the pipe fi-om his mouth ; and leave 
him to give way to his own feelings. The most laughable 
results sometimes occur ; and that you may have some idea of 
these, the writer gives here an account of a scene which he 
witnessed a short time ago. Several persons having desired to 
take the gas, each in turn was fastened by a rope to a strong 
pillar. Some, after breathing the gas, commenced the most 
extravagant laughter; others were desirous of fighting; one 
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stripped off his coat, and would have done serious damage to the 
faces of his neighbours had they not kept out of the way ; and 
one young man attempted to kiss the ladies present, showing 
no symptoms of choice as to age or beauty. Altogether the 
effects are always highly amusing ; each person seems to 
exhibit the peculiarities of his character in their most exagge- 
rated form. In most cases the effect soon passes off; but we 
must warn those of our friends who are of a highly sanguine or 
nervous temperament, either not to partake of it at all, or to do 
so to a very moderate extent. We do not advise its use by the 
&ir sex, under any circumstances. 

Experiment 28, — Another and easier mode of producing 
the same result is, by placing a little ether in a bladder full of 
air, and supplied with a stopcock and mouth-piece. On breathing 
the vapour very similar effects to those we have described follow, 
and the same precautions should be observed. The vapour of 
ether has similar effects to that of chloroform. 

In giving the above directions, we would remind our young 
friends that carelessness may produce unpleasant results. We 
had almost determined, for this reason, to omit describing the 
process ; but knowing that young folks will try experiments 
with laughing-gas, if they have the chance, we trust we have 
erred on the right side by putting them in possession of the 
safest plans which can be adopted, and by recommending the 
exercise of discretion in the use of them. 
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A large number of experiments may be made with this gas. 
It is foimd in water, coals, oils, and almost every animal and 
vegetable body. Before commencing our experiments, we must 
remind our young reader that we have now to deal with what 
we shall call a dangerous gas ; and that all our precautions 
must be strictly observed, so as to prevent accidents. We shall 
have to employ an acid which has a very awkward effect on the 
clothes. If, by accident, a little drop is spilled on the coat, or 
other cloth garment, it will turn it to a bright-red colour; 
but by putting a few drops of ammonia (spirits of hartshorn) on 
the spot, the original colour will be restored at once ; so we 
also provide you with a remedy. Cotton, or linen clotVifis*^ «jt^ 
completely spoiled unless the acid is at once xemov^^XsY «i^^^ 
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dipping them in ammonia, or washing with plenty of cold water. 
To impress this fsucst on the minds of our readers, and to pre- 
vent the destruction of shirts and shirt sleeves, we shall relate 
an anecdote. 

Some years ago the writer took into his employ a young 
lad, with the intention of converting him into a chemical 
assistant. The youngster being very intelligent^ had, amongst 
other things, observed the efifect of acid in whitening cotton. 
He unfortunately determined to try the effect on one of his 
brown cotton shirts. A few days afterwards, he was told to 
bring a boat round to the end of our garden, and to look spruce 
and clean, as some ladies were going on the water. He donned 
this newly-bleached shirt, but before a dozen strokes of the oar 
had been taken, we observed a noise of cotton rushing to slits ; 
and, alas ! the shirt was soon demolished, a great portion flying 
off his back in powder on the water, to his intense moitiflcation. 
He had whitened his shirt with acid, but had forgotten to tocish 
it perfectly with cold water afterwards. " Yerbum sat sapienti " 
— ^A word to the wise is sufficient With these preliminary 
cautions, we now proceed to experiment with hydrogen, first 
giving directions as to the best way of obtaining it. 

Ei^RiMENT 29. — To procure Hydrogen, — Into a common 
basin, half-filled with water, throw some iron nails, and add 
some sulphuric add. A laige quantity of hydrogen will be 
given off ; and, if a lighted match be applied, the gas will take 
fire. This gas is obtained from the water, in every nine pounds 
of which one pound of hydrogen is found. It derives its name 
from two Greek words — " udor," water, and " gennao," to pro- 
duce. The remainder of the nine pounds of water is oxygen 
gas, with which we have already experimented. 

Experiment 30. — Hydrogen Gob Bottle, — ^Any bottle hold- 
ing about a pint will answer the purpose ; but two different 
tubes must be made to fit into the neck. Bore two corks, and 
into one fix a pewter pipe, about eighteen inches long, and a 
quarter of an inch wide ; and into &e other fit a small glass 
tube drawn to a fine point, so as to serve for a jet. To make 
the glass jet, heat the middle of a piece of glass tube, eighteen 
inches long, in the flame of a spirit or gas-lamp, and when red- 
hot draw the glass apart in the middle. You will thus have 
two pipes, closed at one end. You must now break off the little 
point at the fine end, and you will thus obtain a glass jet. 
Instead of this you may fit a common tobacco-pipe into a cork, 
and fix this to the neck of a ginger-beer or glass bottle, and 
it will answer equally as welL 

Pig. 21 represents one of these, made after the plan we have 
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described, and fig. 22 one of those sold by the instniment- 
makers. It has two necki^ and in one is placed a little fiinnel, 





Fig. 21. 



Kg. 22. 



for a fresh supply of acid, and in the other neck a jet, either of 
glass or metal. 

The above will be useful for a variety of purposes, but one of 
the following must be made, for supplying quantities of hydrogen 
for our ftiture experiments. 

Fig. 23 is a bottle to which a pewter tube and cork have 
been fitted, the tube being bent into the form represented in the 
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Fig. 24, 



Fig. 24 



diagram. Common tin gas piping answers very welL 
is only a modification of this form of hydrogen bottle. 

Experiment 31. — Into bottle (fig. 21) put a few small pieces 
of zinc, or a quarter of a pound of iron nails ; nearly fill it with 
cold water, and then add gradually a little sulphuric acid, and 
replace the cork and jet. Hydrogen will be at once given off; 
but as it will be mixed with air, allow it to escape by the jet 
for about three minutes. Be cautious to observe this before you 
apply a light, otherwise you may burst the bottle, and seriously 
injure yourself When safe, apply a light to tlift \«^ oi >2t:L<ei '"^<^ \ 
the gas will burzi^ bu^ give very little liglit. 
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Experiment 32. — Hold a tumbler or any cold glass vessel 
over the jet ; its inside will soon liecome covered with steam, 
through the gas you are burning combining with the oxygen in 
the air, and so forming water. 

Fig. 25 illustrates an elegant mode of producing water by the 




Fig. 25. 

combustion of hydrogen. Our young friends, however, will be 
enabled by the simple means we have named to obtain the same 
result on a small scale. 

Experiment 33. — Mtisic from Hydrogen Gas, — Hold a 
glass tube, varying from half an inch to three inches in the bore, 
and about eighteen inches long, over the flame of the jet. You 
will thus obtain musical soimds, which vary according to the 
sizes of the tubes. You may, by raising or lowering l3ie pipes, 
find the sound of the cornopean, flute, railway whistle, &c., to 
any extent you please, which will afford great 
amusement to young folks. Our fig. 26 illus- 
trates the mode of conducting this interesting 
experiment. 

An inventor once proposed to apply this 
arrangement for the purpose of supplying 
church-music, in place of an organ ; but it is 
to be feared that some variety of sounds which 
might be produced would by no means assist a 
devotional frame of mind. 

Experiment 34. — Coal Gas from Water. 
— Remove the cork and jet fix)m the bottle, 
and pour into it half a teaspoonful of ether, 
instantly replace the jet, and apply a light 
You will find that the flame, which before gave no light, has 
now become a complete gas-light. This is because you have 
given some solid matter to the flame which it had not before. 
The ether contains charcoal, and this, combining with hydrogen, 




Fig. 26. 
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produces the effect. Coal-gas is composed of charcoal and 
hydrogen, the charcoal being obtained from the coals in the 
usual mode of making gas. 

Experiment 35. — Every candle is a small gas manufactory, 
and you may even lay on gas-pipes from 
it. Thus, place in the flame of a candle, 
just over the wick, a piece of glass tube, 
l-8th of an inch in the bore, and four 
inches long. The gas will pass from the 
centre of the flame through the tube, and 
may be lit at its further end. Fig. 27 
illiistrates the manner of caiTying out 
this experiment 

Experiment 36. — To make Coal- 
Gas, — Procure a tobacco-pipe, and fill 
the bowl with pieces of coal, each not larger than a pea ; cover 
the top with clay, well pressed down, and place the bowl in a 
fire, so that the stem may project from the grate. In a short 
time a dai'k-coloured smoke will issue from the jet, to which 
set fire, and you will obtain a gas flame, producing a good light 




Fig. 27. 




The above experiment explains the usual mode of obtaining 
the gas which is burnt in our streets and houses. Large iron 
vessels fix)m six to ten feet long are buHt in frimaces, and into 
these retorts, as they are called, coal is tbro^wiL T\kfe tesvs^ ^*l 
the retort is then carefully closed, and by m.Q8iX\!& oi ^t^v^^ ^^ 
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gas produced by heating these vessels is carried to a piu'ifier, 
which retains the impurities passing over. The gas is then stored 
in large gasometers, and supplied to customers by means of 
mains placed in the middle of the streets, from which smaller 
pipes are laid on, reaching to the houses on either side. About 
10,000 to 12,000 cubic feet of gas are obtained from twenty 
himdred-weight of coal. 

The quality of gas varies very much ; that, for instance, 
supplied in Glasgow has the power of giving twice as much light 
as the same bulk of London gas does. It is made chiefly from 
a coal called "cannel," which always affords a gas rich in 
charcoal. 

Experiment 37. — To collect Hydrogen in quantity, — Use 
the bottle with the bent tube, represented in fig. 23 ; charge 
it with water, zinc or iron, and sulphuric acid, and allow the 
end of the tube to dip in the water of the pneumatic trough. 
By filling jars with water, and allowing the gas to pass into 
them after the usual manner, a quantity of hydrogen may thus 
be pi-ocured for further experiments. The confectioners' long 
show-glasses serve well for the purpose. In making hydrogen 
always take cai'e that the aii* has passed away from the gene- 
rating bottle before you attempt to collect the gas in the jars, 
otherwise the mixture will be explosive, for reasons we shall 
presently explain. When the jars are filled, remove them from 
the trough, by slipping a plate beneath the lower rim and 
retaining a little water, so as to prevent escape of gas. 

Experiment 38. — Hydrogen Gas is lighter tha/n Air. — 
Lift one of the jars of gas carefully from the plate, with its 
mouth downwards ; apply a light, and the gas will catch fire, 
and bum for some time. Take another jar of gas and turn it, so 
that the mouth shall be upwai'ds ; if you keep it so for a few 
seconds, the whole of the gas will escape, because it is much 
lighter than air. In fact, if you hold the face over the jar, 
you may feel the gas rush past, and by then testing with a light, 
you will observe that all the gas is gone. 

Experiment 39'. — Gas Balloons, — The operative chemists 
keep small balloons made of very thin skin. To fill one of 
these, use the purifier (fig. 15) described under the head of oxygen. 
(See page 10.) Attach the hydrogen bottle to it by means of 
an india-rubber connexion, and the balloon to the short pipe 
of the purifier. Fig. 29 illustrates the process. When the 
balloon is ftJl, tie its neck with a stiing, and allow it to ascend. 
It will keep floating in the air for a long tima The reason of 
balloons filled either with this or coal-gas ascending in the air 
le^ that they weigh^ including the material of which they are 
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made, less than does the same bulk of air. Balloons employed 
by aeronauts are filled with coal-gas, for the sake of cheapness ; 




Fig, 29. 

and although it weighs heavier than pure hydrogen, still it serves 
well enough when the balloons are large. Our yoimg readers 
can procure these small balloons in the shape of fish, or men, 
and so, highly amuse their young friends. Sometimes these, 
on a large «cd[e, produce comical effects. A few years ago, we 
saw a number of old women highly terrified by the descent of a 
" man " balloon near Islington Green. They doubtless thought 
that the veritable ** man in the moon " had arrived at last 

Experiment 40. — Soap Balloons, — ^These are produced by 
blowing hydrogen through a strong solution of soap in hot 
wat^ by means of a bladder ; but great care is required, lest 
the tyro should blow himself up instead of the «oap. And here 
we would urge you never to use bladders filled with hydrogen f 
they have been laid by for any length of time, as, being porous, 
they allow the air to pass through, and so produce an explosive 
mixture. Accidents have lately taken place from some of the 
toy india-rubber balloons, commonly played with by children, 
being filled with coal-gas, and coming in contact with flame. 

Experiment 41. — Explosion with Oxygen and Hydrogen. — 
Procure a strong soda-water bottle, and fill it by means of 
the pneumatic trough or basin, with two parts of hydrogen, 
and one of oxygen. Afber the gases have expelled all the 
water, cork the bottle well, and wrap a thick towel round it. 
Now withdraw the cork, and apply a light ; a very loud explo- 
sion will take place, and water will be formed, which may be 
traced inside the bottle in the form of dew. 

In trying this experiment, never omit to covet ^^ 'W^^ 
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with the towel, lest the glass, in case of bursting, should be 
driven into the hands. We have never known a bottle to burst 
after having once stood an explosion, but still, this simple pre- 
caution should always be attended to. 

The explosions of gas which sometimes take place in our 
houses are owing to ^e mixture of the coal-gas, escaping from 
the pipes, with the oxygen contained in the air. Never take a 
light into a room in which there is a smell of gas ; but at once 
open all the windows until all smell is lost. This will always 
prevent accidents taking place. 

Cautions. — In experimenting with hydrogen, all lights or 
burning bodies should be kept at a distance from your vessels. 

After concluding your experiments with any of the gases, fill 
every jar, <kc. with cold water : this will prevent an accidental 
admixture ; and lastly, the hydrogen bottles should be washed 
several times with water, to clean off a salt which the zinc 
or iron forms during the process of making gas. Cleanliness, 
order, and neatness are essential for safe and successful experi- 
mentiug. 



CARBON-THE DIAMOND, CHARCOAL, CARBONIC ACID, 
OR FIXED Am. 



As we do not intend to follow any special scientific arrange- 
ment, we shall next describe some very interesting experiments 
with a gas called carbonic acid gas, which is found in mines, 
distillers' vats, porter, ale, soda-water, &c., and to a small 
extent in the air. We shall only want the same glasses which 
we have used before, with a little marble, or chalk, and some 
hydrochloric, or as it is also called, muriatic acid. 

Experiment 42. — Its production, — Take the hydrogen bottle 

(fig. 23), and having cleansed 
it, throw in a quantity of 
marble, or chalk, broken into 
small pieces, but not pow- 
dered ; on this pour a little 
water, and add half as much 
hydrochloric acid, so as to half 
fiU the bottla Fit in the 
pewter tube, and let it dip 
Fig. 30. into a tall glass jar, so as to 

reach to the bottom, as in 
fig. 30. The acid will take the lime away from the marble, 
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and the gas we want will pass into and fill the jar. This gas 
is very heavy, and will not escape until the glass is full, at 
the same time a small piece of card may just be placed over 
the mouth of the vessel, until you are ready to experiment 
with the gas. 

Experiment 43. — Dip a lighted taper into the jar ; the 
flame will be immediately extinguished. 

Experiment 44. — Into a glass jar put a small piece of taper 
or candle, by tying it to a wire, and let the candle rest at the 
bottom of the jar, after having first lit it. Now take another 
jar filled with the gas, and pour its contents into the first one, 
in the same way as you would pour out water. Owing to its 




Fig. 31. 



Fig. 32. 



great weight the gas will pass into the vessel holding the taper, 
and extinguish the flame. These two experimente illustrate 
the deadly nature and weight of the gas; and suggest very 
simple means of preventing loss of life, to persons who have to 
descend into mines, vats, or other places where this gas is often 
found (See figs. 31 and 32.) 

Experiment 45. — Half-empty a jar of this gas by tilting it 
on one side for a few seconds ; then dip in a lighted taper. It 
will be found that the taper will bum until it reaches the part 
where the heavy gas is, when it will at once go out. Thus, any 
one descending a mine with a candle beneath his mouth, will at 
once perceive when he arrives at a dangerous pai*t, by watching 
the candle he is holding ; whereas, supposing he has the candle 
fixed in his cap, as many miners have, he will lo^ «^]&Q^:»Xi^ 
before he is aware of Ms danger. (See Ag. Z^^ 
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During the antiimn of 1869 five persons were nearly suffo- 
cated on board the Rothsay steamer " Ruby," through breath- 
ing this gas ; and many persons yearly lose their lives through 




Fig. 3a 

the same cause. It is produced from our lungs, during the 
burning of candles and gas, and in our furnaces and fireplaces, 
as we shall show by our next experiments. 

ExPEBiHENT 46. — Four into a small glass a little lime- 
water, and then, by means of a glass tube, blow fi:om the 
mouth into the water. After a short time the lime-water will 
become milky, owing to the carbonic acid driven from the 
lungs combining with the lime, and forming chalk. 

Our bedrooms towards morning have more of this acid in 
the air than we would find on our retiring to rest ; and many 
infents have died from the effects of this gas passing from the 
breath and bodies of their parents whilst in bed. 

Experiment 47. — To show that the gas from our lungs is 
the same as that obtained from marble, pour a little lime-water 
into a jar of gas prepared as before (see Experiment 42). On 
shaking up the water with the gas, you will have the same 
result ; chalk will be formed, and if afterwards you pour into 
each glass a little hydi-ochloric acid, you may observe the gas 
again given out and passing off into tiie air. 

ExpEBiMENT 48. — Bum a piece of charcoal as described in 
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Expeiiment 11, in a jar of oxygen, and then pour in some lime- 
water ; chalk will at once be formed, proving that carbonic acid 
gas is produced by bodies containing charcoal, such as coal, gas, 
candles, &c., when they ai*e burning. 

ExFEBiMENT 49. — Arrange a piece of apparatus as in the 
diagram, fig. 34. On the right is a small Amnel suspended 




Fig. 34. 



over a candle ; the Ainnel is connected with the purifier used in 
making oxygen (see fig. 15) ; and the air is drawn from over 
the lighted candle through lime-water contained in the purifier, 
by sucking at the small tube. The gas produced by the burn- 
ing candle will form chalk in the purifier with the lime-water ; 
and thus you will see the products of combustion are the same 
as those obtained from the breath as expired from the lungs. 

ExPEBiHENT 50. — Bwming of the Diamond, — Although 
most people are aware that charcoal or carbon is found in 
coals, few would believe that the most valuable of all our gemsy 
the diamond, is composed of nothing but pure charcoal itself. 
To prove this, take a waste diamond, which may be bought for 
three or four shillings at a lapidary's, and fixing to it a piece 
of platina or iron wire hold it till red-hot in the spirit-lamp 
flame, urged by a blow-pipe ; then plunge it in a jar of oxygen 
gas, where it will rapidly bum and produce a brilliant white 
light. 

Experiment 51. — Remove the diamond holder from the 
jar, and pour in a little lime-water ; shake it up with the gas. 
You will at once perceive chalk to be formed, and thus have 
proved that the diamond is simply carbon, which. d\)^:E^£i% 
combustion produces carbonic acid, exsucUy \2dl<^ «JdX£i!& ^s^ ^"^^^^^ 
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produced by the lungs or during the burning of a candla 
The diamond may be used a number of times by only keeping 
it for a short time burning in the jar. 

Experiment 52. — Cha/rcoal from Loaf Sugar, — Our bodies 
are in some respects walking fireplaces, for by the burning of 
our food in the limgs we maintain the heat of our system. In 
warm climates, where the air is hot, less charcoal food is 
required, but in Greenland and other northern climates, food 
containing plenty of charcoal is necessary -, thus the Esquimaux 
delight in train-oil, of which they take a prodigious quantity 
daily. An Arctic captain once invited one of these folks to 
dine with him, and offered him coffee, wine, and ale, all of which 
he rejected, but seeing an oil-can lying on one side of the vessel, 
his Greenland j&iend seized it, and never stopped until he had 
licked the pot clean. Our own food, such as bread, meat, <kc., 
contains charcoal, and we now describe an experiment proving 
this. Dissolve some loaf-sugar in boiling water, so as to make 
a sti*ong syrup ; put a table-spoonful of this into a tumbler, and 
pour on it a little strong sulphuric acid. The moment the acid 
touches the syrup it will seize the water contained in the sugar, 
and set free the charcoal — sugar being composed of charcoal and 
cold water. In trying the experiment, place the glass on a large 
plate, so as to prevent injury to the table, the acid and charcoal 
generally boiling over the side of the vessel through the great 
heat produced. On allowing the glass to get cool, you can turn 
out its contents into the plate, and keep by you a specimen of 
8uga/r cha/rcoal. 

Experiment 53. — Shirt Suga/r, — Cotton, linen, starch, sago, 
arrowroot, <fec., are all composed of charcoal and cold water, and 
by very simple means you may change an old shirt, sheet, or 
pocket-handkerchief, into as much sugar as the article weighs. 
You must proceed thus : — Into a basin put a quantity of linen 
rags, cut and torn as fine as possible, and pour thereon some 
sulphuric acid. Leave the whole for a day or so, and then add 
a quantity of water, say ten times that of acid. Boil this mix- 
ture in a Florence flask for four or five hours, and when cool, 
pour its contents into a basin containing a little chalk and cold 
water ; add powdered chalk until no more gas comes off. You 
must then stitdn the liquid through a sheet of blotting-paper or 
fine muslin, so that it may pass quite clear into a tumbler. On 
tasting it you will find that you have obtained syrup, and by 
boiling this for some time in a clean saucepan, very carefully, 
and putting it by to cool, you may turn out just as much sugar 
as your rags fii'st weighed. We have made this experiment fi^- 
guently; and if you carefully follow the directions we have given, 
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you may easily obtain sugar wherewith to sweeten a cup of tea 
for your young friends, and when they have drunk it, you can 
tell them that they have been drinking an old shirt. 

To MAKE Filters. — ^We will here instruct you how to make 
a filter for straining liquids. Take a square piece of white 
blotting-paper. No. 1, and fold it as in No. 2, fig. 35 ; fold it 




again as in No. 3, and by opening out one fold you will have a 
filter as in No. 4, from which you can cut the pointed ends, and 
thus have the affair complete. The philosophical instrument- 
makers sell these ready cut for use in small packets. 

The lively taste of beer, ale, champagne, &c, is due to the 
presence of carbonic acid ; soda-water, ginger-beer, and lemon 
kali, or sherbet, owe their effervescence to its presence. We 
shall give our jGriends here a " taste " of chemistry. 

Experiment 54. — To make Soda Water. — Half fill two 
glasses with cold water. Into one put half a teaspoonful of 
carbonate of soda, and to the other about the same quantity of 
tartaric acid. Stir each till all is dissolved, and then pour the 
acid into the solution of soda; carbonic acid will be imme- 
diately disengaged, and, without waiting to philosophize further, 
drink off the mixtxire at once. 

Experiment 55. — Another plan is to mix equal quantities 
of the soda and acid in a mortar, in the dry state, and then to 
cork up the powder in a clean dry bottle. A teaspoonful 
of this, dissolved in a glass of water, gives the same result as 
abova 

Experiment 6Q, — To make Lemonade, — Proceed as in 
the last experiment, but add three or four times the weight of 
sugar to the mixture. On this pour a few drops of essence of 
lemon, and keep the whole well corked till wanted. 

Experiment 57. — To make Ginger Beer, — Instead of essence 
of lemon, used in the last experiment, employ tincture or 
spirits of ginger. 

Experiment 58. — To make Ora/ngeade, — ^A most deliclo\3& 
drink may be made by pouring a wine-g\aHa£v][\. oi otaxl%<& Nrv:(y6 
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into a tumbler of water, and adding a teaspoonful of the mixture 
described in Experiment 55, together with a little powdered 
sugar. 

Experiment 59. — To ohtcmi Carbonic Add from Beer, i:c, 
— ^Put a little bottled ale, or porter, into a Florence flask, 
fitted with a bent tube. Let the tube dip into a tall, narrow 
jar. Heat the flask with the spirit-lamp gently. The carbonic 
acid will pass into the jar, and may be discovered by introducing 
a lighted taper, which will be immediately extinguished. 

Experiment 60. — Let the gas pass into a little lime-water, 
and chalk will be at once formed, proving that carbonic acid is 
present. 

It is the presence of this gas, produced in fermenting dough, 
which gives the bread its cellular appearance. The yeast added 
to the flour produces the carbonic acid in all directions, and 
forms the little holes we observe in cutting the loaf While 
the bread is baking, the gas is all driven off by the heat. The 
gas is made at the expense of the flour, whose carbon combines 
with oxygen as the fermentation proceeds. 

Experiment 61. — Cha/rcoal from Animal MaU&r. — Lito 
a tobacco-pipe bowl put some small pieces of bone ] cover the 
top with elay, and heat it in a common fire till red-hot When 
the bowl is cool, the contents will be found to be what is called 
" ivory black." During the process, gas will escape firom the 
stem, which may be set fire to. It is very siTni1n.T» to coal-gas 
in every respect. 

Experiment 62. — Cha/rcoal as a Filter, — Charcoal has 
great power in taking into its pores gases of all kinds ; and by 
means of it and a little sand a very simple filter may be made. 
Take a common garden pot, and put a small piece of sponge 
through the bottom hole, so as to fix in tightly. Then pour in 
and shake down some coarse gravel; on this put a layer of 
charcoal in pieces the size of a pea ; over this about two inches 
of fine sand, then some coarse gravel, and lastly, at the top of 
the pot, a piece of clean linen cloth. If a string is tied round 
the pot, it may be hung up on a nail, and will act altogether as 
the cheapest and most effective filter you can get ; costing not 
more than fourpence. Fig. 36 represents one of these simple 
contrivances. 

Experiment 63. — ^This simple arrangement should be recom- 
mended by our young friends to their poorer neighbours, and 
thus they may make their amusements benefici^ to others. 
Besides purifying the water, the filter acts as a cooler, espe- 
cially if placed in a draught, owing to the porous clay promoting 
evaporation. To understand this, take a bottle of wine or 
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water, and wrap a towel round it, which has first been well 
wetted. Now hold it at a little distance fix)m the fire ; and you 
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Fig. 36. 

will find, after some time, that instead of the liquid becoming 
hot, it is decidedly cooler to the tongue. Evaporation always 
produces cold, — hence the formation of dew. 

Experiment 64. — Fresh-made charcoal placed inside poultry, 
game, &a, after they are trussed, will preserve them sweet 
for a long time. Procure two dead rats, and on them place, 
to the depth of three inches, little pieces of charcoal No 
smell will pass through, even in summer time, owing to the 
gases being absorbed by the charcoal. We have kept three 
rats this way four months, in a sitting-room, without finding the 
least inconvenience. Messi-s. Stenhouse and Watson proposed 
to purify the air in hospitals by similar means ; and respirators 
containing charcoal have been made for use in places abounding 
in foul air. 

The antiseptic powers of charcoal make it an excellent tooth- 
powder. It has even been employed as a lozenge in cases 
of indigestion. Posts for use in farm-yaixls and as fences, are 
generally charred at the end before inserting in the earth, and 
She charcoal is found to prevent the decay of the wood. 

Charcoal is largely employed in making gunpowder ; but as 
we propose to speak of this hereafter, we shall leave the subject, 
together with that of gun-cotton, for another chapter. 

Before concluding our experiments on charcoal, we must 
remind you of its value in nature. All plants and all animals, 
contain it ; and, most singular to say, the very poison, carbonic 
add, we cast from our lungs, becomes aftier^^ii^ iwA i«3t 
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trees. As this gas is composed of two parts of oxygen to 
one of carbon, the trees select the carbon or charcoal, for thei/r 
use, and send us back the oxygen we want in abundance. We 
make poison, and they undo our evil work. Three-fourths of 
every tree are thus gathered from the air, which, nevertheless, 
does not contain more than a fraction of its bulk of carbonic 
acid gas. It is to charcoal we are indebted for our success in 
obtaining metals from their ores ; and our concluding experi- 
ment will enable you to understand the method of obtaining 
lead, iron, and copper, in a metaUic state. 

Experiment 65. — Metals obtained from Ores. — Make a 
little red-lead into a paste with charcoal, by means of some 
common oil ; put this into the bowl of a tobacco-pipe, and heat 
it red-hot in a fire. After a little time the lead will be reduced ; 
that is, the oxygen of the oxide of lead (see Experiment 14) 
will leave the lead and join the charcoal, forming carbonic acid. 
The lead you will find in the state of metal, at the bottom of 
the bowL 



CHLORINE.— COMMON SALT.— BLEACHING. 

Chemistry presents us with more magical effects than any 
other branch of science. Who, for instance, would suppose 
that the salt we eat — ^the salt which gives the sea its peculiar 
taste, — could ever have been, and now is, the chief source of the 
riches found in Manchester and Glasgow % Such, however, is 
the fact, for from salt we obtain the most valuable bleaching 
agent — chlorine, without which the majority of our cotton 
imlls would be unemployed. 

Chlorine obtains its name from a Greek word "chloros," 
signifying green, that being the colour of the gas. It is heavier 
than air, and has a very pungent smelL We must here warn 
you against taking this gas into the lungs, as it has a most 
dangerous effect. Whilst experimenting with this gas do so in 
a large room, with the windows open, or in the open air. Should 
you unintentionally breathe it, just inhale a little spirits of 
hartshorn (ammonia), and gargle the throat with cold water and 
the white of an egg. 

Experiment 66. — Prepa/ration ofChlorme, — Into a Florence 
flask put a little common salt and some oxide of manganese ; 
pour in some water, till every part of the bottom of the 
flask is well wetted j then flt a cork and bent-glass tube into 
the neck, first pouring in some sulphuric acid ; apply a very 
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gentle heat. The flask will soon be filled with a green-coloured 
gas. A dry bottle should now be placed under the tube, in 
which you may collect the chlorine for experiments. Take care 
to use a glass tube, as a pewter one would be destroyed. 

To bend the glass, take a length of glass tube, say eighteen 
inches, and hold it in the flame of the spirit-lamp. When red- 
hot bend it twice, until it assumes the shape represented in 
fig. 37. If careful, you will easily succeed. 

When the bottle is full of 
gas, put in the glass stopper, 
first greasing it, and the gas 
will thus keep for any length 
of time. Mark the bottle 
outside as containing chlorine, 
if you do not at once use it, 
so as to prevent any mistake. 

Experiment 67. — Instead .......,..............^^ 

of common salt and sulphuric 

acid, employ hydrochloric acid -^g* ^7. 

and oxide of manganese, and proceed as before. 

Experiment 68. — A still easier way is, to place in the flask 
some chloride of lime and muriatic acid, mixed with a little 
water, and proceed as in Experiment 66. The chlorine is soon 
driven off from the bleaching powder, and by employing this 
plan you will avoid both dirt and trouble. 

Having prepared a few bottles of the gas, the following 
experiments will show it,s characters : — 

Experiment 69. — Chlorine destroys Vegetable Colov/rs. — 
Take a piece of any coloured glazed calico, moistened with 
water ; dip it into a jar of chlorine, and the colour will im- 
mediately disappear. 

Experiment 70. — Dip a piece of red blotting-paper, or a 
portion of the dark-blue paper used by grocers, both first wetted, 
into a jar of the gas, and they will speedily become white. 

Experiment 71. — To bleach Brown Calico, — Boil a piece 
in a little soda and water for a short time, rinse it carefully in 
cold water, then immerse it in a solution of chloride of lime 
(bleaching powder). It should now be put in water, to which 
you have added as much sulphuric acid as makes the water taste 
sour. By repeating this process twice, and at last washing with 
plenty of cold water, the calico will attain a pure white. By 
this process all the bleaching of calico and other cotton goods, 
is carried on in the north of England and Scotland. 

Perhaps some of our yoimg fnends may be indxn^d ^ \.t5 ^^ 
bleaching of their cotton dress. We warn t\iei£L \» \ife eai^&o^ ^ 
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wash any article they bleach in abundance of cold water, or they 
may have the same result as we mentioned in our introductory 
remarks on hydrogen gas. The laundry women of London use 
bleaching powder largely, and old and young bachelors Jmd ovt 
its effects by often unwillingly thrusting their hands through, 
what should be, the sound cloth of their shirts and handker- 
chiefs. 

Experiment 72. — Flowers may be bleached by Chlorine, — 
You will succeed best by using roses, or rose leaves (kept by 
the chemist), for winter experiments. Moisten the flower well 
with water, dip it into a jar of chlorine, and it will soon lose 
its colour. 

Experiment 73. — The Magic Colour Glasses, — In a tall 
glass jar dissolve a little litmus, or, what is better, a little in- 
digo, in plenty of water. In another, dissolve a drachm of iodide 
of potassium, with a small quantity of arrowroot, or ready- 
made starch. The first glass will have a blue colour, and the 
second will be colourless. Shake up some water in a bottle of 
chlorine gas, by which the gas will be absorbed. Now pour 
half of this chlorine solution into the first glass, and the colour 
of the liquid will be destroyed ; into the second pour the other 
half, and a fine blue colour will be produced, owing to the 
liberation of iodine, which always produces a blue colour when 
mixed with a cold solution of starch. By stirring the liquids, 
the effect is produced quicker. 

Experiment 74. — We here suggest an interesting experi- 
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ment, for the purpose of making our yoimg friends neat experi- 
menters. Into a tall glass jar pour some solution of litmus ; 
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then, by means of a glass tube, pour in some chlorine water* 
That portion of the liquid which is reached by the chlorine 
will be bleached, whilst the upper part will retain its colour. 

Experiment 75. — To remove Fruit Stains, — ^Wet the part 
stained with the chlorine solution, or chloride of lime dis- 
solved in water. The marks will soon disappear. Wash with 
cold water afterwards, to remove the superfluous chlorine. 

Experiment 76. — Metal catches Fire in Chlorine, — Into 
a jar of the gas throw some pieces of Dutch metal ; they will 
immediately bum, forming a chloride of copper. 

Experiment 77. — Use some finely-powdered antimony. 
It will present a very pretty appearance whilst falling into the 
jar. 

Experiment 78. — Burning of Turpentine, — ^Wet a piece of 
blotting-paper with turpentine, and introduce it into a jar of 
chlorine. It will catch fire and give ofi" abundance of smoke. 

Experiment 79. — Introduce a lighted taper into chlorine in 
a glass bottle. It will throw oif a red flame and dense sooty 
smoke. 

Experiment 80. — On a small piece of blotting-paper, pour 
sufficient chlorine water to just wet it. On this put a very small 
piece of sodium. The metal will ignite, and by uniting with 
the chlorine, common salt is formed. The salt may be tasted 
by the tongue ; and we may here remark that common salt, 
called by chemists chloride of sodium, is the source whence we 
obtain both the metal for chemical, and the gas for commercial 
purposes. 

Experiment 81. — Put a piece of gold-leaf into a little 
chlorine water, and it will speedily dissolve, forming a solution 
of chloride of gold. 

The foregoing expeiiments will give you an idea of the chief 
characters of chlorine. It is not so abundant in nature as 
oxygen, but as we have already mentioned, it is largely found in 
salt, and in the sea. In common salt we have an instance of 
one of those strange changes which take place on bringing 
different bodies into a state of chemical action. The metal 
found in salt would instantly destroy the tongue if placed on it. 
The gas obtained fi*om salt, with which we have been experi- 
menting, would cause instant death, if taken into the lungs, 
and yet when the metal and gas are combined, we have the 
harndess and useful salt which ever forms part of our body. 

Chlorine, although long well known under a difierent name, 
was first investigated by Sir Humphrey Davy, and not long 
ajfterwards, Mr. Tennant, of Glasgow, foimd that it might be 
combined with lime, and so form a convenient bleaching mate- 
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rial Thus, a discovery which at first only interested scientific 
men has, by its application to commerce, produced astonishing 
results. In former days, it took from four to six weeks to 
bleach cotton goods in the air. At the present day you would 
find scores of pieces bleached to the purest white in some of 
the large calico printers' works, before you, if visiting one, 
would have had sufficient time to walk through the establish- 
ment in which the process was going on. 



IODINE AND BROMINE. 



Iodine and Bromine are, like chlorine, found in sea-water, 
sea-weed, and in the coarse barilla or soda, and are obtained 
from these sources by a very tedious process. Besides being 
used in medicine, they are largely employed in photography. 
They offer few experiments to the young beginner, and we 
shall therefore confine ours to those just sufficient to illustrate 
their properties, leaving their uses to be treated of under the 
head of photography. 

Experiment 82. — The Vapour of Iodine, — Put a few 
grains of iodine on a hot tile or shovel It will immediately 
rise in vapour of a rich deep purple colour. 

Experiment 83. — Repeat the experiment by heating a 
little iodine in a Florence flask. The iodine will rise in vapour, 
and be again deposited in crystals on the cool side of the flask. 
This is an instance of what is called sublimation. 

Experiment 84. — Blue Colov/r produced by Iodine, — Put 
a small piece of iodide of potassium into a glass of water, with 
a little arrowroot or starch, and no change will take place. 
Now add two or three drops of sulphuric acid ; the iodine will 
be at once liberated, and turn the starch of a blue colour. 

Experiment 85. — Bromine is known by its deep orange 
colour and strong smell. Put a little into a test-tube, and 
apply a gentle heat The bromine will immediately rise in 
vapour. 



FLUORINE— GLASS ETCHING. 

We introduce an experiment or two which will enable you to 
etch glass, but first give directions for preparing hydrofluoric 
acid, which is the agent used for that purpose. 

Experiment 86. — Take a piece of sheet lead, and make a 
square tray, by bending up its sides. The tray may be six or 
^jjglit inches each way, with the sides raised two inches. Into 
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this put some pounded fluor spar, and pour on some strong 
sulphuric acid. The spiiit-lamp should be used to assist the 
process. Be very careful not to inhale the fiimes, as they 




Fig. 39. 

produce the most painful effects on the nose, eyes, and lungs. 
Fig. 39 represents the form of apparatus. 

Experiment 87. — To etch Glass, — Cover a glass plate, say 
six inches square, with beeswax. On this make any drawings 
by removing the wax by means of a knitting-needle, so as to 
expose the glass. Place this, engraved side downwards, on 
the tray described in our last experiment. The acid fumes 
will soon eat away the glass where exposed, and thus etch into 
it an exact copy of your drawing. Take care not to melt the 
wax by too much heat 

The best wax for the piirpose is that obtained from wax 
candle-ends. This should be melted in a tea-cup, and run over 
the glass, the superfluous quantity being drained off. It is advi- 
sable to coat both sides of the glass, so as to prevent any action 
of the acid fumes which may escape. Do not attempt to etch 
with the needle until the wax is cold. If you are a good 
sketcher, you may produce some excellent results by first 
drawing with a soft black-lead pencil on paper, then trans- 
ferring the drawing to the wax, by placing it face downwards, 
and weighting it at the top. The pencil-marks will thus adhere 
to the wax, and will direct you in the regularity of its removal 
by the needle. 



PHOSPHORUS. 



This well-known article is found chiefly in boivfift^VsvxJ^ ^iiiaft 
forms part of wheat and other vegetable subataaieea. ^ «i ^^ca^ 
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not speak of its production, because it can be easily puix^hased. 
We commence by warning you never to touch it with the 
lingers, as it gives fearful bums. Always cut it under water, 
and keep it in a glass stoppered bottle, filled with water, and 
covering every piece of phosphorus, as it so easily catches fire. 
When you wish to dry it, just press a small piece of blotting- 
paper on it, which will absorb the moisture. 

Experiment 88. — Rub a small piece, by means of a pair of 
iron nippers, against a wall in a dark room ; every mark will 
appear of a beautiful white light. You can thus wiite your 
name or draw a friend's likeness in a de-lightful manner. 
This effect is called phosphorescence. 

Experiment 89. — Boil a few small pieces of phosphorus in a 
flask, with some water ; sparks will rise in all dii*ections through 
the liquid, and if at the conclusion of the experiment you throw 
out the water into the open air on the ground, a splendid flash 
of light will be shown. 

Experiment 90. — Into a test-tube pour half an ounce ot 
olive oO, and add one small piece of phosphorus ; heat gently 
over the spirit-lamp. A small quantity of the phosphorus will 
dissolve, and by rubbing the oil over the hands and face they 
will become quite luminous. This is a harmless experiment, 
and the oil can be easily removed by soap and water. 

Experiment 91.-— Fire under Water, — Into a wine-glass put 
a few grains of chlorate of potass, fill up with cold water, and 
then add a few pieces of phosphorus. Through a glass tube 
pour a little sulphuric acid ; when this reaches the bottom of 
the glass, flame will burst out, and thus you will obtain fire 




Fig. 40. 



under water. This experiment requires caution, as sometimes 
the phosphorus flies out of the glass, and might injure the eye. 
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ExPEKEMENT 92. — Comhvstion in Oxygen. — See Experiment 
12. 

Experiment 93. — Combustion m Chlorine, — ^Proceed as with 
oxygen, substituting a bottle of chlorine, and a bright light will 
be given out. 

Experiment 94. — Heat from Water. — Tie a piece of phos- 
phorus outside of a wine-glass, half filled with cold water ; pour 
into the glass some strong sulphuric acid. Sufficient heat will 
be produced to inflame the phosphorus. 

Experiment 95. — Fire-producing Liquid, — Into a tea- 
spoonful of sulphide of carbon, contained in a glass-stoppered 
bottle, put a piece of phosphorus about an inch long, which has 
been dried by gentle pressure between blotting-paper. In a 
short time the phosphorus will dissolve. Pour A small portion 
of the liquid on a sheet of paper, taking care that none runs 
off; you will presently observe smoke rise from the surface, and 
immediately after the paper will catch fire. Captain Norton 
has invented a shell wherein he uses this liquid ; on its being 
fired against the sails of a ship it immediately causes their 
destruction by burning. 

We cannot caution you too strongly with reference to the 
use of this liquid ; it is certainly the most dangerous article 
yet known. The following anecdote may impress our advice 
more strongly. After lecturing at Hamilton, the writer was 
returning to Glasgow, when he observed a dense smoke issue 
from the carriage in which his assistant was sitting. It 
seemed that the young man had gone to sleep, and a small 
portion of this solution of phosphorus had fallen out of a bottle 
he held in his hand on to his coat, to which he thus set fire. 
His hand was so severely burnt as to be bad for two months 
afterwards. 

Our advice is, that you do not try the experiment at all for 
the present, but if you do, never make more of the solution than 
you require for the moment, and throw any portion left down 
the sewer, with plenty of cold water. 

Lucifer matches are made of phosphorus and sulphur, but 
their manufacture is very dangerous, and we shall therefore 
content ourselves by again urging every possible precaution in 
dealing with this dangerous material We add, by way of 
making our remarks of general interest, that it is owing to the 
presence of phosphoi*us in animalcules that the sea presents some- 
times a luminous appearance at night. The inside of crabs and 
lobsters, and possibly the glow-worm, owe their luminosity to 
the same cause. 

Experiment 96. — Phosphoretted Hydrogen is procured by 
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putting a piece of phosphide of lime in warm water, or by 
boiling potass and phosphorus together. Of the two the former 
is the simplest plan. Beautiful rings of smoke are formed, and 



^ 





Fig. 41. Fig. 42. 

as they rise into the air, a slight explosion and light are 
produced. The annexed diagrams will give you an idea of 
their appearance and also of the apparatus used. 



SULPHUR 



This substance is so well known, that we shall not waste space 
in its description, but simply remark that it is chiefly obtained 
from Sicily and the Lipari Islands. It also abounds in ores of 
iron and lead called pyrites, and these are employed by sul- 
phuric acid manufacturers as a source of sulphur. 

Experiment 97. — To obtain Crystals of Sulphur,— M-oit 
some pieces of roll brimstone in an iron ladle, at a very gentle 
heat. When the whole is melted, remove the ladle from the fire, 
and allow it to cool until a crust is formed on the top. Make 
a hole in the crust, and let the melted sulphur inside run out. 
When cool, the mass in the ladle will present some beautiftd 
crystals of a needle shape, if broken in half. 

Experiment 98. — To make Moulds from Coins, — Melt some 
sulphur in a ladle, taking care not to overheat it. Pour this 
over any coin (except silver, which would be spoiled), first 
fixing the coin in a paper rim such as a pill-box, to prevent the 
sulphur running away. The coin should be slightly oiled, to 
prevent the sulphur adhering to its surface. You can thus 
copy any medal, and obtain an exact impression from it., These 
moulds of course give a reverse of the medal, and may be copied 
by means of plaster of Paris. 

Experiment 99. — To obtain Copies from Plaster of Paris 
Medallions, — Proceed as in the last experiment, with the 



SULPHUR. 41 

exception that you must moisten the plaster of Paris by water, 
instead of oiling it. This may be done by placing the plaster 
mould in a plate of water, and allowing the liquid to soak in, 
until the moisture rises to the surfece of the mould. 

Experiment 100. — Place a little brimstone in a Florence 
flask, and apply a gentle heat to it, by means of the spirit-lamp. 
The sulphur will sublime, or rise to the top or cool side of the 
glass, in a yellow-coloured powder, formed of very minute 
crystals. 

Experiment 101. — To bleach by means of Sulphur, — "Wool, 
hair, straw, &c., may easily be bleached, and this plan is 
adopted by wool-scourei"S, and straw bonnet manufacturers. 
Take a jar open at both ends, and in the upper part fix the 
article you wish to bleach, by means of a string tied to a cork ; 
as, for instance, a flower or a piece of straw bonnet, first 
moistened by water. Then place on a piece of iron or a 
penny piece, a little sulphur, which must be set on fire, the jar 
being placed over the fumes. The jar should be slightly raised 
on one side, to allow a little air to pass in. In a short time 
the colour of the flower will be com- 
pletely destroyed by the sulphurous acid 
thus formed. The arrangement is re- 
presented in fig. 44. 

Experiment 102. — To restore the 
Colour of the Rose, — After thus bleach- 
ing it, dip it into water, containing a 
very small quantity of sulphuric acid. 
The colour will speedily be recovered. . 

Experiment 103. — Sulphide of Car- ^ 

bon, — This liquid is obtained by passing ^io, 44. 

sulphur vapour over red-hot charcoal. 

Pour a little on the back of the hand ; its rapid evaporation 
will produce a sensation of cold. 

Experiment 104. — Round a thermometer bulb, wrap a piece 
of cotton rag. On this pour a little sulphide of carbon, and 
blow on it. The mercury will rapidly fall, owing to the cold 
produced 

Experiment 105. — Dissolve some sulphur in sulphide of 
carbon j on allowing the solution to evaporate, you will obtain 
crystals of sulphur. 

Experiment 106. — Explosion with Sulphur, — Rub together 
in a mortar a little sulphur and chlorate of potass. Smart 
explosions will be heard. Do not use more of this than will 
eover the end of a knife, as it is a dangerous mixture \\i W^ 
quantities, and will sometimes explode spoulaiLeow^^. 
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Experiment 107. — Mix a little sulphur and chlorate of 
potass, both in powder, by a knife ; place the mixture on an 
anvil, or on a piece of iron ; strike the powder sharply with a 
hammer, and a loud explosion will follow. 

Experiment 108. — Splendid Blue Fire, — Mix together in 
a mortar four ounces of nitre, two ounces of sulphur, and one 
of sulphuret of antimony, all first separately powdered. Put 
the mixture into a pai)er case, or place it on a tile. On light- 
ing it a magnificent light will be given off, which may be 
seen for many miles. We have employed this light for the 
purpose of taking photographs at night ; and a similar mixture 
has been adapted to a lamp by Mr. Moule for the same use. 

Experiment 109. — Sulphuretted Hydrogen, — This gas is 
known by its fetid smell, and is the cause of our drains and 
gas-works being so offensive. To obtain it, pour a little hydro- 
chloric (muriatic) acid on some sulphuret of antimony, contained 
in a glass jar. The gas will soon be given off, and from its 
offensive smell you will recognise its presence. Take care not 
to inhale any of it, as it is highly poisonous. Fig. 45 represents 
a very excellent plan of producing the gas. On the right-hand 




Fig. 46. 

side we have the vessel containing the materials from which the 
gas is produced. This passing into an adjacent bottle, gives 
a watery solution, fiom which the characters of sulphuretted 
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hydrogen may be learned. The solution should be kept in well- 
stoppered glass bottles ; and requires to be made fresh when 
special experiments are to be performed with it. 

Experiment 110. — To detect Sulphuretted Hydrogen, — 
Dissolve a little sugar of lead in water ; into this dip some 
white blotting-paper. On holding a strip of this paper in the 
jar of gas, or over a foul drain, it will turn black at once. 

Experiment 111. — Into a jar of the gas introduce a little 
chlorine. The sulphur will be immediately sepai*ated, and all 
smell will vanish. For this reason, chloride of lime may be 
used to destroy the smell of drains. 

Experiment 112. — Magic Writing. — On a piece of paper 
write anything you please, using as ink a little solution of sugar 
of lead, and a quill pen. Let it dry, and the writing will be 
invisible. On moistening it with water, and holding it in a 
jar of sulphuretted hydrogen gas, or over a drain, the writing 
will at once be evident, and in black chai-acters. Our young 
friends may use this simple plan for «ecret writing. Do not 
taste the sugar of lead, for, although very sweet, it is a deadly 
poison. 

We conclude our experiments on sulphur by cautioning you 
that any silver ai-ticle, either in coin or as a watch, will cer- 
tainly be spoiled if they come in contact with that substance. 
It is therefore advisable to remove from the pocket both your 
money and watch ; in fact, our last words shall be " Take 
care of your pockets, gentlemen," when you experiment with 
sulphur. 



THE METALS. 

Our pi'evious experiments have included the gases most com- 
monly met with; and also two or three substances which, 
although not recognised as familiar objects, are yet employed in 
many every-day occupations. We must here explain that most 
of these are active agents in those processes which we daily 
observe ; and because we cannot alter or change them, we call 
them elements, or unchangeable substances. We shall now 
pass on to consider others which, by their brilliancy, ductibility, 
malleability, and other qualities, have acquired the name o{ 
metald. Some are very heavy, some very light ; or, in other 
words, you will find that in comparing the bulk of some metals 
with the same space which water would occupy, their weights 
differ very much from each other. Platina weigJaa^^OY \a&\«x\R»^ 
more than twenty times the weight of tTie aame Wik^L oi ^^\«t % 
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whilst potassium, another metal, is lighter than its own bulk 
of water. 

From these facts we gather the idea of specific gravity, or 
are enabled to ascertain the relative weight which each metal 
bears to another, or to a standard such as water, at a tempera- 
ture of 60°. Iron, for instance, weighs seven times as much as 
the same bulk of water would do ; and if we had a " lump" of 
water weighing one ounce, a piece of iron of exactly the same 
size would weigh over seven ounces. We shall, in another 
section, explain how these relative weights or specific gravities 
are arrived at. 

Metals are found in what we may call a disguised state ; that 
is, we rarely find them in nature in the same form as we use 
them in daily life. For instance, lead, iron, and copper are 
generally discovered in connexion with sulphur or charcoal, 
and intricate processes are required to free them from these 
substances. The process is called reduction; that is, the ore, or 
natural state of the metal, has to be altered or reduced until the 
metal itself is really obtained Sometimes heat is sufficient for 
the purpose. Mercury, for instance, may be obtained by heating 
its ore strongly. Iron requires a more complicated process, 
one which we shall describe under the proper head. Coal, coke, 
and charcoal, together with limestone, are used in these opera- 
tions, and there seems to be a pre-existent arrangement in the 
strata of the earth in many districts which enables us at once 
to carry out all the processes by a successive arrival at the 
materials required for the purpose. In Scotland there is a 
band of minerals which affords coal, limestone, and iron ore in 
one mine, and thus the proprietors are able to pursue the whole 
of the mining and other operations within their own works, 
without the necessity of having recourse to other places or mines 
which might possess facilities or materials of which they other- 
wise would have been deficient. 

The geological position of the coimty of Kent is such as to 
preclude the hope of finding coal necessary for smelting purposes. 
This, therefore, forms an exception to the instances we have 
just mentioned 

Our young friends will naturally desire to know what a mine 
is like, and as we have been in several, we shall endeavour to 
give them some idea of these remarkable places. 

In some parts of America, copper is found in an almost piu^ 
state, at the surfiice of the earth. In Cornwall (England) the 
miners have to descend to an enormous depth before they reach 
what is called a vein of ore. With respect to lead mines in 
Yorkahire, we have walked, or rather crept, into what are called 
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levels, something like a quarter of a mile long, bored into tlie 
side of a mountaon. Iron ore is foimd in Lanarkshire, Ayrshire, 
and other parts of Scotland, in deep mines. The miners, pro- 
vided with lamps fixed to their caps, work in places of so little 
height as sometimes to allow only of just the diickness of their 
bodies : they lay on their left side, and have just room enough 
to " pick " down the ore from the top of the level in which they 
work. "No person who has never been in a lead or iron mine 
can have the most remote idea of the hardships which the 
miners have to endure. Without specifying cases, we are in a 
position to state that many persons " are put away " annually, 
without ever being recorded, as dead, lost, or crushed. 

We shall give a very general description of the different 
processes employed for the purpose of obtaining metals from 
their ores, as we describe each individual of the class. We 
would just observe that, generally speaking, ores are either 
oxides, carbonates, or sulphurets of the metals, and, therefore, 
all that is required to obtain the metals themselves is to drive 
off the oxygen, charcoal, or sulphur which the ore contains. 

With these preliminary remarks we at once proceed to speak 
of some of the leading members of the metallic family, and, as a 
matter of coiu^e, introduce first to your notice that most valuable 
of all metals — 

GOLD. 

This metal is found in small quantities in many parts of 
Great Britain ; in fact, some centuries ago its discovery was very 
common. Our chief supply is now obtained from the quartz 
rocks and the sands of Australia and California. Perhaps 
some of our young friends may have fancied that the yellow 
substance in coals may be gold, but such is not the fact, that 
being simple iron pyidtes, or iron tmited with sulphur. 

Gk)ld is soft, and easily cut with a penknife, and is separated 
from the quartz by pounding the stone and washing the eaii^h 
away by water, in what are termed "cradles." The metal, 
being heavy, falls to the bottom, and is afterwards taken out 
and melted into bars. The following experiments can be tried 
with a little gold-leaf ; — ^take care in purchasing it that you do 
not get " Dutch gold," which is simply copper, beaten out into 
thin leaves. 

Experiment 113. — To dissolve Gold, — Put a piece of gold- 
leaf into a wine-glass ; pour on it some strong nitric acid (aqua- 
fortis) — the gold will not dissolve; now add a little muriatic 
acid — ^^the metal will dissolve immediately. 
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Experiment 114. — To distinguish Gold Jrom Brass or 
Copper, — Rub a chain, or any other article, on a hard stone, 
which will thus receive a portion of the metal ; drop on this 
some nitric acid : if the mark disappears it shows that no gold 
is present, as the gold would have remained untouched if the 
article had contained any. 

Experiment 115. — To gild Steel, due, — Into the solution 
irotn. Experiment 113 pour some ether. This will take up the 
, gold, and by dipping any steel article, say a pair of scissora or 
a penknife into it, the surface will be at once gilt. 

Under the head of electrotyping we shall give full desciiptionR 
of the process of electro-gilduig and plating. 

SILVER. 

This well-known metal is found in many parts of the world, 
and is obtained by a process called amalgamation, from some of 
its ores. In England silver is frequently obtained from lead 
ores, some of which contain it in large quantities. The lead is 
melted in conical-shaped vessels, and the silver being the heaviest 
of the two, sinks to the lower part. It is then separated from 
the lead by sawing off the bottom of the cone. 

Experiment 116. — To dissolve Silver. — Put a little silver- 
leaf, foil, or wire into nitric acid ; the metal will be at once 
dissolved, and form nitrate of silver. Silver in the form of coin 
will not do, because, like gold, it is too soft to be used as coin 
without being alloyed with copper, which is used to harden 
both metals. 

Experiment 117. — To ^^ silver " Copper, — Into the solution 
of silver, to which you have added a little distilled water, 
place a clean penny piece ; it will be at once coated with silver, 
and if polished, by rubbing with leather, it will retain the 
appearance for a long time. 

Experiment 118. — To separate Silver from Copper, — Put 
a sixpence into nitric acid, and it will quickly dissolve ; now 
add some common salt, and the silver will fall down with the 
chlorine of the salt in the form of a curdy white powder. 

Experiment 119. — Pour off the liquid, and leave the white 
powder from the last experiment in the sunshine ; it will soon 
turn black. This salt, called chloride of silver, is largely used 
in photography. 

Experiment 120. — Ma/rhing Linen, <kc, — Soak the end of 
a white pocket handkerchief in a little salt and water : when 
quite dry write on it your name, using a quill pen, dipped into 
a solution of thirty grains of nitrate of silver to a table-spoonful 
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of distilled water. Expose the writing to the sun's rays, and it 
will quickly become black, permanently marking the cambric. 

Experiment 121.— Invisible Writing. — Take a sheet of note 
paper, and soak its surface in water containing a little salt; 
mark the salted side with a pencil, so as to make no mistake in 
using the wrong surface, hang it up to dry, and by candle-light 
write a letter to a friend, using the solution of silver and quill 
pen, as in the last experiment. If you send this by post, first 
writing in pencil, " Hold me in the sun," your friend wHl observe 
no marks, but by obeying your pencil instructions the writing 
will soon become visible. Don't use the same ink for directing 
your letter, as the postman may have some little difficulty 
in delivering your epistle, in that case, unless the sun assists 
him. 

Experiment 122. — Tlie Silver Tree. — Put into a small 
bottle a solution of sixty grains of nitrate of silver, with two 
wine-glassfuls of distilled water. In this hang a bundle of 
copper wires made into a kind of brush. In a short time a 
beautiful precipitation of silver will take place, forming a kind 
of tree in apj)earance. 

In experimenting with silver solutions, take care not to wet 
the fingers, as they will soon become black thereby. 

PLATINA. 

This metal is the heaviest body yet discovered, and presuming 
that a pint of water weighs one pound, the same quantity of 
platina would weigh twenty-one pounds. Platina is found in 
Brazil and Hussia, where it is sometimes used as coin. 

Experiment 123. — To dissolve Plating. — Proceed as de- 
scribed in the process for gold (Experiment 113). This metal, 
like gold, 13 insoluble in most acids. 

Experiment 134. — Hold a piece of platina in a lamp flame ; 
you will find that it conducts heat so slowly as to allow you to 
place the fingers within an inch of the flame whilst holding the 
foil 

Experiment 125. — If you coil some fine platina wire roimd 
the wick of a spirit-lamp, so as to form a kind of cone over it, 
and light the lamp, immediately afterwards blowing out the 
flame, the wire will become white-hot, and will keep so as long 
as any spirit remains in the lamp. Fig. 46 illustrates this 
an'angement. 

Experiment 126. — ^A plate of clean platina foil, if very thin, 
may be held in the jet of gas of the hydrogen bottle (see fi^. 
21) ; and as the gas escapes it wiU sometimes 8«>^\> ^^ \a i^ 
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Experiment 127. — Spongy Platina. — ^Put into a small test- 
tube some of the solution of platina. (See Experiment 123.) Into 




Fig. 46. 

this dip a little blotting-paper, and when well soaked, dry and 
heat it till red-hot, by means of the spirit-lamp. If you now 
break the tube, and take a piece of the bottom containing the 
platina in fine powder, and expose it to a jet of hydrogen, as in 
the last experiment, it will immediately ignite the gaa 

Experiment 128. — To cover Metals with Flatvna. — Pro- 
ceed as with gold, substituting the solution of platina. (See 
Experiment 115.) 

mercury. 

This metal differs from every other in the fitct of its being 
always a fluid at ordinary temperatures. It is easily boiled, and 
may be distilled, like water, in a glass retort. It is obtained 
from its ores by distillation. 

Experiment 129. — Pour a little quicksilver (its other name) 
into a Florence flask, apply the heat of the spirit-lamp, and the 
mercury will condense in the upper part, and run down in 
globules. 

Experiment 130. — To filter Mercury, — Procure an old 
glove-finger, half fill it with mercury, and twisting the upper ' 
end, continue to do so until all the mercury is pressed out. 
This is a good way of cleansing the metal from dust and dirt 
A piece of wash-leather will answer equally as well. 

Experiment 131. — To ^^ diver'* by Mercury, — ^Dissolve a 
little of the metal in some nitric acid diluted with water. 
Rub some of the solution on any brass or copper articles ; they 
will be instantly coated with mercury, presenting a highly 
polished appearance. The "silver" solution sold by men in 
the streets is thus made, and will, if used, most certainly spoil 
any real silver article. 

Experiment 132. — Mercwry and Silver Coin, — Drop a four- 
penny piece into some mercury, or rub it with a little of the 
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last-named solution ; on attempting to bend it, the coin will 
immediately break. 

ExPEBiMENT 133. — Pursue the same course with another, 
and put it on a piece of iron which is nearly red-hot. This will 
drive the mercury off, and restore the silver to its old state. 

CAaTiON. — Whilst experimenting with mercury, in any form, 
take care to put aside all money, watches, chains, or rings. For 
want of attending to this, the author has had the good fortune 
to put his fingers through the back of a gold watch, which he 
had carelessly left on a table whereon some merqury had been 
spilt. 

Experiment 134. — Magic Solution, — ^Dissolve in two sepa- 
rate glasses, containing distilled water, a little bichloride of 
mercury, or, as it is sometimes called, corrosive sublimate, and 
some iodide of potassium ; then pour a portion of the latter 
into the mercury solution. A yellow colour will be produced. 
On adding a little more, the colour will change to a fine red ; 
a still further addition of the iodide of potassium will re-dis- 
solve the red matter, and the liquid will become clear as 
common water. If some mei-cury solution be now added, the 
colour will return ; and thus you may alternately have a red- 
coloured solid, or a transparent liquid, by pursuing the experi- 
ment as above. By stirring the liquid with a glass rod the 
process is hastened. 

Experiment 135. — Amalgams. — Any other metal, when 
united with mercury, is called an amalgam. Thus gold, silver, 
copper, zinc, &c., may be amalgamated with mercury. On 
heating the amalgam, the mercury flies off and leaves the metal 
in its original state. 

Experiment 136. — ^^ Silvering^^ Glass. — Looking Glasses. — 
— Take a piece of plate or crown glass, and place evenly on it a 
sheet of tinfoil of the same size ; over this, by means of a hare's 
foot, or a piece of fine flannel, spread some mercury on every 
part, in an even manner. On this place a sheet of writing 
paper. Weights must now be laid thereon, which will squeeze 
off the superfluous mercury. Leave the whole for a day, and the 
glass will be well silvered. A piece of cardboard should be 
placed between the paper and the weights. 

Mercury is sometimes frozen in the Arctic regions. We shall 
^ve directions for freezing it hereafter by artificial means. 

COPPER. 

This useful metal is widely distributed. It is found iw 
Australia, America, and in different parts oi ^\xro^^ «sA 
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Asia. The chief source of copper in this country is Cornwall. 
The mines in this county often run to a great distance under 
the sea, and are frequently of great depth. The ore is mostly 
smelted in South Wales, where extensive works are erected, 
giving employment to many persons. Copper ores chiefly con- 
sist of the metal combined with sulphur and carbonic acid, and 
they are roasted, that is, burned with coal, to diive off those 
foreign bodies. We have obtained specimens of copper pyrites — 
that is, copper combined with sulphur, in Buteshire, and near 
Campbeltown, in Argyleshire, Scotland. In the former place, 
a copper mine was worked some yeara ago. After the ore has 
been roasted, and the metal, still impure, obtained in small pieces, 
these are calcined in a suitable furnace ; and after various pro- 
cesses, which we must not stop to describe, the nearly pure 
metal is produced. The metal is sometimes found in an almost 
pure state ; and a mass weighing about one ton is now in the 
Polytechnic Institution, Regent-street, and contains about 95 
|>er cent, of fine copper. 

Many of our young friends have, doubtless, been puzzled in 
guessiQg as to what becomes of all the old iron pots and pans. 
These are sent to the West of England, and cast into water 
which flows from the copper mines. The acid of the salt of 
copper contained therein seizes the iron, and leaves the copper in 
the form of a powder; a process which we will illustrate it 
our next experiment. The copper is afterwards melted and cast 
into bars. 

Experiment 137. — Into a solution of sulphate of copper, 
called also blue vitriol, dip a clean piece of iron hoop. It will 
become coated with copper obtained from the solution at the 
expense of the iron, which is dissolved away. 

Experiment 138. — To cover Steel Articles with Copper, — Im- 
merse a penknife, a pair of scissors, or a knitting-needle, in 
the solution of copper. They will be to all appearance changed 
into copper. This was one of the tricks of the alchemists, 
who wished to pei'suade their dupes that iron was really changed 
into copper. 

The marine store dealers in London are often cheated by these 
means. Roguish persons coat old iron nails thus with copper, 
and, as the iron is worth little, whilst the " coppered" nails 
sell for lOd. per lb., the transaction, though thievish, is highly 
profitable. 

Expehiment 139. — Into a solution of copper (Experiment 
137) pour some spirits of hartshorn (ammonia). A splendid 
blue colour is produced. This is used by chemists to fill the 
bottles they exhibit in their windows. 
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ExPEiUMENT 140. — Clean a copper plate, and hold it over the 
flame of a lamp. It "will change colour from red to black, 
producing the rust or oxide of copper. 

Experiment 141. — To engrave Copper Plates. — Cover a level 
copper plate on both sides with wax. (See Experiment 87.) 
Kemove the wax from the surface by means of a penknife, so as 
to trace any writing, say your name ; and dip the plate into 
some nitric acid. The copper will be completely eaten away, 
where exposed to the acid ; and if you afterwards clean the 
plate from the wax, and fill the tracing with printer's ink, yoa 
can, by pressing on it a damp piece of paper, obtain a com- 
plete "copper-plate" engraving. This is the mode adopted by 
engravers for printing cards, maps, and other matters ; and it 
is largely employed in Manchester and Glasgow for engraving 
copper rollers used in printing calico for ladies' dresses. 

Experiment 142. — The different preparations of copper are 
all poisonous. Sometimes it is employed to give pickles, 
fruite, and preserves, a rich green colour. To detect it, put 
a portion of the suspected article in a wine-glass, with some 
water. Stir it up for some time, and then add some ammonia. 
If any copper is present, the water will turn blue. In pre- 
serving fruits, by boiling in brass pans, some of the copper is 
genersJly dissolved, and this has occasionally been productive of 
serious results in families. All copper vessels used for boiling, 
&c,, should first be well tinned. 



IRON. 

We need only name this metal to at once remind you of its 
great utility ; in fact, the chief riches of Britain eonsist in its 
iron ores and coal mines. Iron is found universally ; it colours 
the earth on which we walk, and at the same time produces the 
ruddy glow of health on the cheek. The chief mines in Eng- 
land are those of Staffordshire and neighbouring counties. 
In Scotland there is an enormous baud of ironstone and coal. 
The chief smelting furnaces in that coimtry are at Coatbridge, 
Glasgow, Falkirk, and in Ayrshire. 

For the purpose of obtaining the metal the ore is smelted 
with limestone and coal, in furnaces about thirty feet high. 
These are fed from the top by means of tramways and small 
wagons. After the fire has been urged by enormous air 
engines for about twelve hours> the lower part of the furnace is 
"tapped;" the molten irooi then fiows into channels called 
" sows," and " pigs," and " pig iron," ia tlaua ^TcAxiftftdu ^^lX^.^ 
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iron in this state is brittle, like glass, but being afterwards 
<< puddled " or worked up in furnaces, and rolled, it comes out 
in a malleable state, fit for use in daily life. 

One of the strangest sights to a traveller, on going to Glas- 
gow by the Caledonian Railway at night, is the reSectioa of 
the light of the iron furnaces. For sixty miles the sky wears a 
lurid glare, and on arriving at Coatbiidge, the extensive woiks 
of the Messrs. Baird dazzle the eye with the glare of about a 




Fig. 47. 

dozen of these fire-vomiting arrangements. Fig. 47 will afford 
some idea of the appearance of an iron-smelting furnace. 

We need not attempt to enumerate the various uses of iron. 
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We shall tliefi*efore proceed to experiments which will illustrate 
its chemical characters. 

Experiment 143. — Ink made from Iron. — Into a Solution of 
cop|>eraB in water ponr some tea or tincture of galls. The 
mixture becomes black, owing to the formation of common ink. 
Although sulphate of iron is called ** copperas," there is not a 
particle of copper in it. 

Experiment 144. — Copperas from Iron. — Pour a little 
sidphuric acid and water on iron nails. Sulphate of iron is 
thus formed, which may be had in crystals by evaporation. It 
may be tested with the tea, as in the last experiment, and you 
will observe the same result. It is made on the large scale by 
exposing pyrites to the action of air and water. 

Experiment 145. — Prusdam, Blue from Iron. — Into some of 
the solution of nails in sulphuric acid pour a little prussiate of 
potass. A beautiful blue colour is produced, and is the same 
as that employed by dyers for dying ladies' dresses of a dark 
blue. The last-named salt is partly made from blood or the 
hoofe of cattle, and thus our ladies are indebted for some of 
their most beautifully coloured ribbons, <fec., to old iron hoops 
and animal refuse. 

Experiment 146. — To obtain Fort, Sherry, Milk, Ink, amd 
Chamipagne from one Bottle. — Into a clean wine-bottle put 
one ounce of copperas, a drachm of nitric acid, and a pint 
of cold boiled water. Now place in four wine-glasses, and one 
champagne glass, the following articles : — Into number 1, three 
drops of the solution of prussiate of potass (Experiment No. 
145) ; into No. 2, th/ree drops of sulpho-cyanic acid (see next 
Experiment) ; into No. 3, six drops of the same ; into No. 4, a 
few drops of a solution of nitrate of baryta ; and into No. 5, a 

Fig. 48. 




1 
Blue Ink 



piecCj of the size of a pea, of carbonate o£ amixiQm& i^oTSsass^ 
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smelling salts). Place your glasses on a tray, and ask your 
friend which he prefers, wine, milk, &c., and by pouring the 
contents of the wine-lK)ttle into either of the glasses, as 
arranged in fig. 48, you can satisfy his eyesiglU, but by no means 
let him taste. 

These effects simply result from the different colours pro- 
duced by the various substances in the glass, coming in contact 
with the iron dissolved in the wine-bottle. This experiment 
will give you some idea of what we mean by testing, or the 
mode of finding out the nature of a substance, by the addition 
of another to it, and obsei-ving the effect which takes place 
from the mixture. 

Until you are an adept at experimenting, you had better 
have a little mark on each glass by which you may distinguish 
its contents, lest you should produce sherry instead of milk, 
&c., by pouring into the wrong glass. 

In another part of the work we shall give you instructions 
for making a bottle that will pour out real wine, spirits, <fec. 
The above of course only appear like the genuine articles. The 
numbers we have used correspond with the names mentioned 
under each glass in our insti-uctions, and indicate the liquids 
produced. 

Experiment 147. — To make Sulpha -cyomic Acid, used 
above, — Into a test-tube put about equal quantities of prussiate 
of potass, carbonate of potass, and sulphur, all in fine powder ; 
make these red-hot by means of the spirit-lamp ; keep the 
mixture thus for some time, and then dissolve out by water ; 
filter the solution, and mark it thus, "Sulpho-cyanic solution." 
It should be kept in a well-corked bottle. 




Fig. 49. 

To prevent the heat from burning the fingers, wrap a small 
piece of paper round the tube, and hold it thereby. 
ExFERUOSST 148. — Put a little ammonia into some of the 
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coppems solution (Experiment 144) ; a green powder will be 
thrown down ; expose this to the air, and in a shoi-t time it 
will turn red. 

Experiment 149.— /row Pyrites, — Mix in a ladle a little 
sulphur, with some iron filings and water, so as to form a paste. 
Sulphuret of iron will be formed. The iron filings heated in a 
ladle with the sulphur produce the same result. 

Experiment 150. — To melt Iron, — Heat an iron rod till 
red-hot, then touch the heated part with a roll of brimstone ; 
the iron will melt away, or rather will combine with the sulphur, 
and fall down in globules of sulphuret of iron. 

Experiment 151. — Heat from Iron. — Hammer a large iron 
nail smartly for some time, and touch a piece of phosphorus with 
it. The phosphorus will inflame, owing to the heat produced. 

Experiment 152. — Gombvstion of Iron, — Sprinkle some 
iron filings in a gas or candle flame. They will immediately 
catch fire, burning with fine sparks. For combustion of iron 
in oxygen, see Experiment 14. 

Experiment 153. — To rem^ove Insects and Weeds from GroAsel 
Walks. — Water the gravel with a solution of one oimce of 
copperas in a gallon of water. This will destroy weeds, 
insects, <fec., and give the gravel a red colour. Gravel owes its 
redness to the presence of iron in the form of rust or oxide. 

Steel is made by combining iron with charcoal. This is done 
by various means, and the iron becomes thereby veiy elastic. 
Tempering steel is performed by heating the metal to different 
temperatures, according to the purpose for which it is required, 
and is an opeiution requiring the exercise of skill and judg- 
ment 

LEAD. 

This metal is found in several parts of Great Britain, and is 
chiefly obtained from a substance called galena. The ore is 
roasted with coal, and afterwards smelted in a furnace. The 
lead is then run off, and cast into bars called " pigs." 

Experiment 154. — Melt some lead in a ladle; its surface 
will soon become covered with a yellow or red substance, which 
is an oxide of the metal, and is called red-lead, litharge, or 
minium. 

Experiment 155. — Take some of this red-lead and heat it 
with charcoal. The lead will be reduced. (See Experiment 65.) 

Experiment 156. — The Lead-tree, — Into a clean bottle put a 
quarter of an ounce of sugar of lead (called by chemists acetate 
of lead); to this add half a pint of dist'ilUd ^a\AT -, ^vBAv^m^^ 
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bottle by means of the cork a wire, at the end of which twist 
two or three pieces of zinc. In a few hours the lead will be 
reduced in a beautiful vegetable-like form. This makes a nice 
mantel-piece ornament. 

Experiment 157. — Chrome Yellow, — To a little sugar of lead, 
dissolved in water, add a solution of chromate of potass. 
Chrome yellow will fall down, a substance much employed by 
painters as a yellow pigment. 

Experiment 158. — To manufactwre Shot. — Melt some lead 
in an iron ladle, and pour it from a height into a pail of cold 
water. The lead will form into little spheres. Shot is thus 
made, the lead employed being mixed with a little arsenic, to 
make it harder. 

Experiment 169. — Tyroyhoms. — This substance is a powder 
which takes fire when thrown into the air. To make it, pour 
some tartaric acid dissolved in water into a solution of sugar of 
lead. Gather up the white powder thus produced by straining 
the liquid from it by blotting-paper, and diy it in an oven. The 
powder should now be put into a long glass tube, closed at the 
end, and the whole be made red-hot. A strong-smelling vapour 
will be given off, and when this ceases instantly cork the end 
of the tube up. When cool, if you break the tube, the powder 
falls out and catches fire. 

Experiment 160.-*-Break one of these tubes into a jar of 
oxygen ; a splendid combustion will ensue, and red-lead will 
line the inside of the vessel 

In another chapter we shall give instructions for the method 
of handling red-hot lead by the naked hand. 



tin. 

This metal is obtained from Cornwall, and is largely used for 
tinning iron and copper vessels, and by dyers, for the purpose of 
fixing some colours. It is of a bright white colour, somewhat 
like silver, and melts at a comparatively low temperature. 

Experibient 161. — To 'powder Tin, — Melt tin in a ladle, and 
pour it into a box which has some chalk inibbed over the sides. 
By quickly shaking the box the tin will be reduced to a fine 
powder. 

Experiment 162. — To tin Iron or Copper, — Clean the piece 
of metal perfectly, and rub it over with a solution of sal- 
ammoniac. Having a ladle of ready melted tin, throw on its 
surface a piece of tallow, and dip in the metal you wish to cover. 
It will appear beautifully covered with tin on its removal from 
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the 

var ladle. Iron plates are thus tinned, and are used for making 
ious domestic articles. 

Experiment 163. — Hold a piece of tinfoil in the lamp-flame. 
It will speedily melt, and small portions will fall down, burning 
i^th a fine white flame. 

Experiment 164. — To set fire to Tinfoil. — Put some crystals 
of nitrate of copper on a sheet of tinfoil, sprinkle water on 
their surface, and roll the foil up quickly. The whole will 
speedily catch fire. 

Pewter is an alloy of tin. Tin in the shape of foil is much 
used for the purpose of making looking-glasses. (See Experi- 
ment 136.) 

ZINC. 

Zinc is obtained by smelting its ore, called calamine. When 
melted into cakes, it is sold under the name of spelter. This 
metal has lately come much into use for a great variety of 
purposes, and we here present a few experimente with it. 

Experiment 165. — Melt some zinc in a ladle, and turn the 
contents into the fire. If you now urge the fire by a pair of 
bellows, the zinc will bum with a splendid blue flame. 

Experiment 166. — Melt some saltpetre in a ladle, and throw 
in some shavings of zinc ; a splendid combustion will take place, 
forming a very brilliant experiment, and oxide of zinc will fly 
ofP as a white powder. 

Experiment 167. — Place on one side of the tongue a half- 
crown, and on the other a small piece of zinc. Until the two 
metals touch you will perceive no sensation. On bringing their 
oute^ edges together, however, a metallic taste will be at once 
produced. Tins little arrangement forms a galvanic battery, 
A!id electricity is set free by it. 

Experiment 168. — Cure for Toothache. — Have a piece of 
^^=_^^^-^-^^^^^i^^P^ silver and zinc soldered together 

in the annexed shape ; by apply- 
ing this little arrangement on 
each side of the gum affected, tooth- 
ache is often relieved. Fig. 50 
represents one of these simple ar- 
rangements, and its actual size. 
Zinc is now largely employed 
^g* 50. for making galvanic batteries, 

used in working the electric telegraphs, & subject to which we 
shall tefer at lai*ge, under the head of Voltaic El^cfcrisfiJus «xA 
Electro-Magnetisin. 
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COBALT. 

Cobalt has a very limited application. It is used as a colouiing 
matter in the manu£etcture of paper, in staining glass, and as a 
pigment. 

Experiment 169. — To 'produce Ficturts which change Colov/r 
by warming them, — Instead of the usual water-colours employ 
solutions of chloride, and acetate of cobalt, and chloride of 
copper. These chemicals may be obtained at any operative 
chemist's at a slight cost. A picture, when cold, if painted 
with these, may be arranged as a winter scene ; but on bring- 
ing it near the fire the heat has such an effect on the different 
substances employed, as to turn " winter " into " summer " 
almost instantaneously. Do not over-heat these pictures, as by 
so doing you may prevent a successftd repetition of the changes 
they present. 

Experiment 170. — ^Write your name on a card or a piece of 
paper with the chloride of cobalt, by means of a quill pen. On 
warming the card, the writing will change from a pink to a blue 
coloui'. 

In the foregoing experiments on metals we have confined 
your attention entirely to those best known and most used in 
daily life. We need scarcely tell you that the chemist recognises 
many other bodies as metals, to which we have not alluded. 
As, however, we could not suggest any very interesting experi- 
ments with them, we shall now conclude our remarks on these 
bodies, by just giving a short description of the chief characters 
and uses of the remaining members of the family. 

With respect to potassium and sodium, we shall offer some 
experiments with them under the head of alkalies, and shall 
adopt the same course with those metals which form the base of 
the different earths, such as magnesium, calcium, aluminium, &c. 

Antimony, bismuth, and arsenic are used in the arts and in 
medicine; the former employed in manufacturing printing 
types. As arsenic is a most deadly poison, we refrain from 
offering any experiments with it. The metal nickel is used in 
making Britannia metal, or what is sometimes called German 
silver. 

Some metals, such as iridium, osmium, &c., have somewhat 
similar characters to those of platina, with which, in foct, they 
are generally found in nature. 

Manganese is chiefly employed in the manufacture of bleach- 
ing-powder, to produce chlorine, and to give a colour which is 
employed in calico printing. 
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When two or more metals are melted together, they form 
an alloy. Thus gold and silver coin are alloys, being mixtures 
of those metals with copper. Pewter and brass are instances 
of the same kind. 

Almost all the metals will combine with and dissolve 
mercury. This product is called an amalgam. The metal may 
generally be recovered by heating the anmlgam, and so driving 
the mercury off. 

Having thus endeavoured to give you experiments which 
will afford a general idea of the individual character of the 
metals, we shall now pass on to consider an entirely different 
class of substances, which will afford us many interesting 
matters, both for experiment and observation. 



ACIDS AND SALTS. 

We have hitherto restricted our experiments to substances 
called elements. By this term we mean simply, that out of 
such we can get noliing but themselves. For instance, we may 
make every possible attempt in the present state of chemical 
knowledge to extract anything from gold different to itself, and 
we shall faiL For this reason we call gold an element. But if 
we try the same course with marble, the result will be very 
different, for from marble we can get both lime and charcoal, in 
the shape of carbonic acid. (See Experiment 42.) Marble we 
therefore call a compound ; and it is with this soi-t of bodies we 
are now about to deal 

Everybody knows what an acid is ; common vinegar is a 
specimen of the class : but everybody does not know what a 
chemist means by the word salt, but we will endeavour to 
explain it. Common salt and Epsom salts belong to this class 
of substances ; and in general, when we say that anything is a 
salty we simply mean that something has been imited to an 
acid. If you pour tartaric acid on carbonate of soda, you form 
the salt called taiiirate of soda ; or if vinegar is poured on iron, 
you have acetate of iron. Now, the name of the salt is doubly 
derived, part from the substance added to, and part from the 
acid. Thus, in the case of the tartrate of soda, the word 
taa^ate, as you perceive, is derived from the tartaric acid ; the 
soda is called the ba^e of the salt, and thus we have sulphates 
from bases with sulphuric acid, nitrates from \iiaa»e«> V\^ m\jc\a 
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acid, as sulphate of magnesia and nitrate of potass, which in 
common language are called Epsom salts and nitre or saltpetre. 
You will perceive at once the great advantage of these titles to 
salts, because you can learn by their names what they are 
composed of. Who could guess what Glauber's salts are made 
of ? but using their chemical name, sulphate of soda, we have 
no diflSculty in arriving at such knowledge. 

Having thus endeavoured to explain the meaning of these 
terms, we proceed to give you a variety of interesting experi- 
ments. 



SULPHURIC ACID. 

This acid is of the utmost importance in daily life ; it is 
largely used in bleaching and various manufactures. Its manu- 
facture is carried on in many of our large towns, but especially 
in Manchester and Glasgow. By burning sulphur, and receiving 
its vapour in large leaden chambers, through which steam and 
nitric acid are passing at the same time, the acid is generally 
produced on the large scale. 





Fig. 51. 



Our diagram, ^g, 51, represents a section of a sulphuric acid 
chamber. On the left is the furnace supplying the vapour of 
sulphur and nitric acid ; in the centre, we have the large leaden 
chambers in which the two vapours combine together with 
steam produced from a boiler represented on the right of the 
diagram. The construction of these arrangements varies veiy 
much ; but our young friends may gain an adequate idea of the 
process by examining the above sectional plan. 

Sulphuric acid thus produced and concentrated is a powerful 
poison : it has the appearance of an oil, being thick ; hence it 
is often called oil of vitriol. 

Experiment 171. — Great Heat produced by Sulphuric Acid. 
. — Pour some strong acid into a basin containing water. Great 
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Jieat will be produced, and if the experiment is conducted in a 
glass vessel its fractiu:e is almost sure to happen. 

ExPEBiMENT 172. — Two Pints do not make one Qtuirt — Into 
a long test-tube pour equal quantities, by measure, of cold 
water and strong sulphuric acid. You will find that they will 
not occupy twice their separate bulk, but considerably less, 
owing to the water being condensed into less space. * 

Experiment 173. — Wet some blotting-paper, and when it no 
longer drips, hang it inside a bottle containing four ounces of 
strong sulphuric acid, so as not to touch the acid ; in a short 
time it will be quite dried, owing to the attraction which this 
acid has for water ; cover the top of the bottle with a cork, so 
as to keep the air out. 

Experiment 174. — This Add is heavier than Water. — Weigh 
two glasses in the sepai-ate scale-pans against each other, so as 
to be exactly balanced. Now pour into one an ounce measure 
of water, and into the other one ounce measui'e of sulphuric 
acid. You will find that the water side will require nearly an 
ounce weight to restore the balance ; sulphuric acid weighing 
nearly double that of its bulk of water. 

By the term specific gravity we have already explained that 
we mean the relation of bulk and weight to one fixed standard ; 
and thus taking water as the standard, the specific gravity of 
sulphuric acid is as eighteen to ten. In other words, a quantity 
of acid, equal in bulk to one of water weighing ten pounds, would 
weigh over eighteen pounds. 

Experiment 175. — To turn Blotting-Paper into Vegetable 
Parchment. — Make a mixture of about equal parts of sulphuric 
acid and water ; dip into this, when cold, a piece of blotting- 
paper, and immediately remove it into a glass containing 
ammonia; wash afterwards with water, and on drying, the 
paper will be found completely changed. It will be now quite 
strong, and resemble parchment in many respects. This paper 
has been used for bank notes, deeds, and other purposes, and is 
the subject of a patent. We cannot give the exact propor- 
tions of acid and water. 

Experiment 176. — A Liquid which will instantly turn into a 
Solid. — Dissolve in boiling water as much Glauber's salts (sul- 
phate of soda) as the water will take up. This is best done in 
a fiask. Cork the flask, and place it in some situation where it 
will not be disturbed till cool. Suddenly shake it up, and it 
will become immediately solid. On warming it again it will 
hecoine liquid, and thus serve any number of times for your 
magical experiment. The effect is owing to the sudden crystal- 
lization of the salt. 
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Experiment 177. — Two Solida which will turn into a 
Semi-Liquid, — Pound together in a mortar some Epsom 
salts (sulphate of magnesia) and sugar of lead ; the whole 
will become quite wet, through the chemical changes which 
occur. 

Experiment 178. — Into a large quantity of water, say a pint, 
di-op a very little sulphuric acid, and add a solution of nitrate 
of baryta ; a white powder of sulphate of baryta will fall down. 
You may thus detect sulphuric acid in vinegar, with which the 
latter is often adulterated. 

Experiment 179. — Pour a little sulphuric acid on wood, 
bread, potatoes, starch, &c. Its great attraction for water will 
set their charcoal free. (See Experiment 52.) 

Sulphuric acid is largely employed in the manufacturing 
districts for bleaching purposes. It has lately been much 
used to dissolve bones when they are intended for a manure. 
Blacking manufecturers employ it, as many pairs of boots and 
shoes testify by falling into holes when too much acid has been 
added to the blacking. It is used in medicine as a tonic. It is 
manufactured in immense quantities at Newcastle, St. Helens, 
and in Glasgow, where Measrs. Tennants have extensive lead 
chambers. This firm and many others distil the acid in large 
platina stills, for the purpose of separating frt)m it a little lesid, 
<fec., which is dissolved during the process of the manu&^ture. 



NITRIC ACID AND NITRATES — GUNPOWDER, GUN-COTTON, ETC. 

Nitric acid is obtained from nitre or saltpetre, and is used by 
refiners, and generally in the metal trade, for cleansing and 
polishing. Engravers also use it, as we have already mentioned. 
(See Experiment 141.) It gives a yellow colour to wool, and 
we must caution you as to its use, as the fingers will acquire a 
yellow tint, and woollen clothes are spoilt, if they come in 
contact with this acid. Be careful also not to inhale the fumes, 
as they are veiy dangerous to the lungs. It is called in com- 
merce aquafortis, such, however, being generally a weak kind 
of the acid. 

Experiment 180. — To prepare Nitric Acid. — Put a little 
nitre, with some water, into a retort, and add some sul- 
phuric acid ; apply a gentle heat, and insert the stem of 
the retort loosely in a Florence flask. The liquid that distils 
over is the nitric acid. The flask should be kept cool by a wet 
cloth. 
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Fig. 52 gives an idea of a mode of producing the acid on a 
small scale. The retort is heated by a charcoal furnace, and 
the receiver kept cool by water flowing on to a piece of cloth. 




Fig. 52. 

The plan is one generally adopted in laboratories, but our young 
friends will succeed just as well by the simple mode we have 
named. The product left in the retort is sulphate of potass. 
This should be washed out when cool with plenty of cold water. 
Experiment 181. — To make a Golourlesa Gas turn Red, — 
Into a retort, or flask, with a glass bent tube, put some copper 
wire, and pour on to it some nitric acid diluted with water ; 




Mg. 53. 

dip the stem of the retoi^t or tube into water in the pneumatic 
trough, and receive the gas which passes over into a jar in the 
usual way. (See Experiment 8.) When the water is ciuite 
dis{^aced by the gas, the jar will appear co\o\ii\e«a, \5vs>^ wv 
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lifting it from the water the gas in the jar will assume a 
blood-red colour, owing to its seizing the oxygen contained in 
the air, and nitrous acid gas is produced. Sometimes a gentle 
heat is required to assist the process, for which apply the 
spirit-lamp. 

Fig. 53 illustrates the plan, with the exception that a small 
charcoal furnace is introduced in place of a spirit-lamp. 

Nitric acid is composed of one part of nitrogen to five parts 
of oxygen, and owing to its containing so much of the latter gas 
it produces remarkable effects on some bodies containing char- 
coal, one of which we will now illustrate. 

Experiment 182. — Gun Cotton. — This extraordinary substance 
was at first expected to become a substitute for gunpowder, 
but the rapidity of its explosion renders it dangerous for use in 
guns. The Austrians are said to have lately availed themselves 
of it for that purpose (July 1860). It is used for the manu- 
facture of collodion, and by miners in blasting. The following 
directions, if carefully attended to, will ensure success in its 
preparation : — 

2^0 prepare Gwa Cotton. — Take a handfiil of jewellers' cotton, 
place it in a tall glass jar, and pour on it two oimces of the 
strongest nitric acid, previously mixed with half the weight of 
sulphuric acid. These must be allowed to cool before using 
them. Press the cotton down with a glass rod in the acid 
mixture, and leave all together for about ten minutes ; remove 
the cotton by means of the glass rod, and wash it under a 
stream of cold water until every vestige of acid is washed away ; 
the cotton may then be opened out by the hands, and exposed 
to the sun to diy. Do not use artificial heat, as you may run 
the risk of an accident by explosion. 

Experiment 183. — Uxperinients with Gun Cotton. — Place a 
small piece on the hand, and apply a light. The cotton will 
bum off rapidly without doing injury to the hand. 

Experiment 184. — ^Tie a piece in a long narrow strip of 
paper, and fold it in the usual shape of a cracker ; it will 
explode with a loud noise like gunpowder, on being set 
fire to. 

Experiment 185. — A very small piece may be forced inside a 
strong key, and rammed in by a little paper ; on heating the 
key over a candle-flame, it will give a loud report. 

Experiment 186. — Into a small cartridge place a little gun- 
cotton, and in another some gunpowder loosely ; on lighting 
both, you will observe how much more rapid the combustion ot 
the cotton is than that of the gunpowder. 

Experiment 187. — Collodion. — Pour some ether, to which a 
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little spiiits of wine has been added, on some gun-cotton. The 
latter will dissolve, and form what is called collodion. This 
may be employed for covering cuts or injuries to the hands, 
forming, as it does, an excellent " court plaister.'* Its chief use 
is in photography. 

ExPKRiMEirr 188. — Gunpowder, — Our young friends will, we. 
presume, think this subject one of the most interesting appU- \ 
cations of chemistry. We will, therefore, give some account, 
of its manufacture. 

Nitre, sulphur, and charcoal are the articles employed in'f 
manu&xrturing gunpowder. They should all be veiy pure, and .' 
in a fine powder. The proportions employed vary, just accord- 
ing to the purpose for which the powder is to be used, but for 
an experiment the following quantities will suffice, viz. : — 

Powdered nitre one ounce and a quarter. 

,, sulphur one quarter of an ounce. 

„ charcoal one quarter of an ounce. 

Pound the charcoal and sulphur together in a mortar, until 
they are well mixed. Then add the nitre, with a little water, 
so as to make the whole into a stiff paste. Take the paste out 
with a knife, and knead it on the back of a plate. Leave it to 
dry, and then convert it into a powder by gently pounding it in 
a dry mortar. This, on being sifted, will form a good imita- 
tion of meal-powder, providing you have mixed the ingredients 
completely. 

We next append recipes for making coloured fires; as, 
however, some of these are liable to catch fire spontanJBously, 
they should never be made in large quantities. 

Experiment 189. — JBltLe Fire. — ^Take four ounces of nitre ; 
two ounces of sulphur ; and one ounce of sulphuret of antimony. 
These, in powder, should be well mixed in a mortar. There 
is no risk in making, or keeping these ingredients together. 

Experiment 190. — ^Red fire owes its colour to nitrate of 
strontian, and in this and the remaining mixture, where we 
employ chlorate of potass and sulphur, you must on no account 
mix them in a mortar, as a most dangerous explosion may ensue. 
The best plan is to pound each article sepai'ately, and then mix 
them in a plate by means of a piece of wood. 

JRiid Fire. — 

Chlorate of potass one ounce. 

Sulphur one ounce and a half . 

Sulphuret of antimony ... one ounce. 
Nitrate of strontian six ounces. 



To which may be added ) „„^^^^ ^f „„ «.,,v«^ 
of charcoalVwdep ... { quarter of an ounce. 
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Or another and safe recipe is — 

Charcoal powder half an ounce. 

Nitre one ounce. 

Sulphur one ounce. 

Nitrate of strontian four ounce& 

This mixture may be poimded in a mortar, owing to the 
absence of chlorate of potass. 

ExPEBiHENT 191. — Green Fire. — 

Chlorate of potass one ounce. 

Sulphur one ounce. 

Charcoal powder quarter of an ounce. 

Sulphuret of antimony one ounce. 

Nitrate of barytes six ounces. 

Or— 

Sulphur two ounces. 

Sulphuret of antimony one ounce. 

Nitrate of barytes four ounces. 

Boracic acid four ounces. 

Experiment 192. — White Fire. — 

K^l ?n/j;^ \ Mixed in quantities, produce a white 
Oiarcoal, one part ^ ^ ^ 

Nitre, four parts ) "*^^- 

Many varieties of coloured fires are produced by employing 
sulphur, sulphuret of antimony, charcoal, and chlorate of potass, 
combined with various salts. The foregoing will enable our 
young friends to at least vary their scientific studies by an 
admixture of science in sport ; and, as all work and no play 
has an evil effect on the yoimg mind, we hope the above recipes 
may " lighten" our readers' assiduity and attention. 

A variety of coloured fires may be made by dissolving various 
salts in spirits of wine. These are perfectly safe, and may be 
tried in a parlour without the least risk 

Experiment 193. — Eed Fire. — ^Pour into a plate some spirits 
of wine, in which you have first dissolved some nitrate of 
strontian. This will give a red flame on being ignited. 

Experiment 194. — Direct the oxygen jet (see Experiment 
16) on this flame whilst burning ; the light will be greatly 
increased. 

Experiment 195. — Green Fire. — Dissolve as much chloride of 
barium, or nitrate of barytes, in spirits of wine as will be taken 
up. This will produce a green flame on being ignited. To in- 
crease the light, proceed as in the last experiment with tbe 
oxygen gas jet. 

Experiment 196. — Yellow Fire, and " the Manufacture of 
Ghosts." — Dissolve some common salt in spirits of wine, and in 
a dark room set fire to the solution. A most ghastly colour 
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will be observed on eveiy foce present, and by clothing your- 
self with a white sheet, you may personate a ghost with great 
effect. 

Experiment 197. — ^To judge of the effect of this flame on 
colour, dip a lump of tow into the solution, and set fire to it, 
holding it some distance off, by means of a stick. The colours 
of ladies' dresses and ribbons will be entirely changed. Bright 
red will appear of a slate colour, and light pinks, yellows, and 
blues will all appear alike. 

Experiment 198. — Other nitrates than those we have 
described are produced by pouring nitric acid on the metals, 
diluted generally with a little water. Thus, with silver, nitrate 
of silver is produced ; with copper, nitrate of copper, and so 
on. These may be obtained in crystals by exposing the solu- 
tions to heat^ or by leaving them to gradual evaporation in the 
air. 

The chief uses of nitric acid we have already named. The 
nitrates, such as nitre, are mostly employed for the manufac- 
ture of gunpowder ; the nitrates of barytes and strontian for 
fire-work making ; and nitrate of silver is used in medicine 
and also by photographers, as will be explained imder the head 
" Photography." 



HYDROCHLORIC OR MURIATIC ACID. — CHLORIDES, COMMON 
SALT, AND FREEZING MIXTURES. 

Muriatic acid, or, as it is now called, hydrochloric acid, is 
obtained from common salt. Its fumes are very penetrating, 
and must therefore be avoided. Its original state is that of a 
gas, but it is foimd in commerce, dissolved in water, and often 
of a yellow colour, owing to the presence of a little iron. It is 
composed of chlorine and hydrogen gases. 

Experiment 199. — To prepare Muriatic Acid Gas. — Into a 
tall, strong, and narrow jar, put equal measures of chlorine and 
hydrogen gases. Expose them to sunshine, and they will imite, 
with an explosion, forming muriatic acid. This is a dangerous 
experiment, and must only be tried on a small scale. A tube 
one inch wide, and very thick, and about six inches long, will 
answer the purpose. We have here an instance of an acid 
being produced without the aid of oxygen gas. Test the gas by 
moist litmus paper, and the latter will turn red. 

Experiment 200. — To prepare the Liquid Add, — ^^^ >3cvfc 
name apparatus as that described for nitric acid *, \i\x\» ^m^ «».\\VOvfc 
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water into the Florence flask, into which the retort or tube 
may just dip. The retort should be partly tilled with a little 
common salt and water. On pouring some sulphuric acid on 
these and applying heat, muriatic acid gas will be given off, 
and will be cond^sed by the water in tiie flask forming the 
liquid acid. The receiving-flask should be kept quite cool by 
means of water, or, if convenient, by a little ice. 

Fig. 54 represents another method of making the acid, 




Kg. 54. 

where, instead of a flask to receive the gas, a bottle with three 
necks is employed, into one of which the tube fix)m the retort 
passes. The centre tube is a kind of safety-valve, and the out- 
side one allows aii* to pass from the retort. The bottle contains 
water for absorbing the gas. 

Experiment 201. — Dip into the water in the flask a small 
piece of litmus paper. On touching the acid water it will 
immediately become red. The acid may be perceived by simply 
tasting the water, which will be very sour to the palate. 

Experiment 202. — To make a Solid from two Gases, — ^Let 
the gas produced in Experiment 200 run into a glass bottla 
When the smell of the gas is perceived, pour into 
the bottle a little ammonia. Dense white frmies 
arise, owing to the production of sal-ammoniac. 

Experiment 203. — Fill a bottle with muriatic 
acid gas, and moisten the inside of a Florence flask 
with ammonia. Now introduce the neck of the 
flask inside the bottle of gas, and solid sal-ammoniac 
will be at once formed. Fig. 65 represents the 
plan described. 

Experiment 204. — ^Another way of trying the 
experiment is by putting a little of the liquid acid 
and ammozua in two separate wine-glasses. Little or no effect 




Fig. 55. 
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will be shown until they are brought together, when dense 
fumes of sal-ammoniao will at once be produced. 

The salts produced bj hydrochloric acid with a base are 
called chlorides. They used to be named fn/miateSy but owing U, 
a change in the chemical opinions respecting chlorine, the former 
term is always used now. An instance of these is common salt 
or chloride of sodium. We shall mention a few experiments 
with these bodies. 

Experiment 205. — Colourless Ink twmed Blue, — ^Write on a 
sheet of paper, by a quill pen, with a very weak solution of 
chloride of copper. Hold the writing over a cup containing 
some ammonia, and blue writing will at once appear. (Sec 
Experiment 139.) 

Experiment 206. — To make Chloride of Copper, — Heat 8; 
strip of copper, and when completely black, break oflf the black 
scales. On these pour a little muriatic acid, and the chlorido 
of copper will be produced. 

Experiment 207. — Freezing Mioctures, — It is a very common 
practice to throw salt on snow, for the purpose of melting it. 
This produces great cold, as you may see by introducing a 
thermometer into the mixture, when the mercury will fall 
below 32®, or fireezing point. 

Experiment 208. — To freeze Wine, — Mix together equal 
parts of sal-ammoniac and nitre, both in a fine powder. Place 
them in a tea-cup, and in the tea-cup a thin test-tube, half filled 
with sherry wine. If water is now poured on the salts, and the 
mixture stirred up by the test-tube, the wine it contains will be 
frozen. 

Experiment 209. — To freeze Mercury, — Mix equal weighted 
of snow or pounded ice and chloride of calcium; the cold 
produced will be sufficient to freeze mercury, which should be 
placed in a test-tube in the mixture. 

Experiment 210. — Chloride of Ccddwrn, — To prepare this, 
dissolve some marble in muriatic acid, and heat the mixture in a 
test-tube till quite dry. It must then be fused in a crucible, 
and kept, when cool, in a glass-stoppered bottle. It is better, 
however, to purchase this article from the operative chemists, 
who always keep it in stock. As it soon attracts moisture frt>m 
ilie air, it should never be exposed thereto, and only just as 
much as you require is to be removed from the bottle for use. 

The chief of the chlorides is common salt, which is obtained 
from sea water, from mines, and other sources. The chlorides 
of mercury are used in medicine, the chloride of silver in-^ 
photography, and several of the others, although to a very 
limitedi extent, in the arts and commerce. 
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CHLORIC ACID AND CHLOBATES. 

The chief salt formed by chloric acid is that called chlora.te 
of potass, which we have so often mentioned that it will be 
xmnecessaiy to introduce any further experiments with it. We 
shall content ourselves, therefore, under this head, by repeating 
our admonitory remarks with reference to the use of chlorates. 
They form with many substances, explosive compoimds, and 
generally our young friends will do well to confine themselves 
to the experiments which we have given, all of which can be 
performed with safety, and to omit trying many othei*s we might 
liave introduced, but which we have omitted for the purpose of 
preventing the occurrence of accidents. 



VEGETABLE ACIDS.— ACETIC ACID, VINEGAB, TARTARIC 
ACID, CITRIC ACID, ACIDS OF APPLES, LEMONS, etc. 

The acids of which we have been speaking have often been 
termed mineral adds, because they are chiefly obtained from 
mineral sourcea But there are others obtained j&x)m vegetables, 
itc., and our youngest readers will not fail to remember that 
when unripe fruit is eaten, a sour taste is perceived. This is 
owing to the presence of an acid, and of such acids we shall 
now speak. They are nearly all composed of oxygen, hydrogen, 
and carbon. 

Experiment 211. — To detect Adds in Fruit, ^kc. — Make a 
strong solution of litmus or archil in hot water ; in this soak 
some strips of white blotting-paper, about an inch wide and six 
inches long. These will form a test for acids, the blue colour 
turning red in their presence. The slips may be carefully dried 
and stitched into a book form, and kept in a place free from acid 
vapours. We call these litmus papers. 

Experiment 212. — Press a little of the juice of a sour apple, 
or of a piece of rhubarb, on a piece of litmus paper ; the blue 
will turn red, owing to the presence of an acid. The acid from 
apples is called malic acid, from the Latin word malwrny an 
apple. 

We would suggest to our young friends a very interesting 
aj)plication of these experiments. By taking a small book of 
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litmus paper with you in your field-walks, you may, by pressing 
the leaves of different plants, extract their juices, and observe 
whether such have an acid action on the paper. 

Experiment 213. — To obtain an Acid from Bv/ming Wood. 
— Into a test-tube put a few chips of wood, and at the mouth 
of the tube a smaU piece of litmus paper, slightly moistened. 
On heating the wood till it chars, a quantity of acid vapour 
will be given off ; and on reaching the test-paper, will turn it to 
a red colour. This acid is common vinegar in an impure state, 
and is called pyroligneous acid. 

Experiment 2 1 4. — Vinegar from Malt Liquors, — Allow com- 
mon ale to be exposed to the air for a few days ; all its sweet- 
ness will be lost, and eventually an acid produced. This is the 
mode of obtaining vinegar generally adopted by the manufac- 
turers. Vinegar in the pure coloui'less state and distilled, is 
called by chemists acetic acid. 

Experiment 215. — Acetic Add from Suga>r of Lead. — Pour a 
little dilute sulphuric acid into a solution of acetate or sugar 
of lead. The acetic acid will be at once perceived by its strong 
smell. 

Experiment 216. — The Vinega/r Plant. — ^A very common 
mode of making vinegar from sugar, treacle, and water, has 
lately come into use, by placing in a jar a fungus-like plant 
called the vinegar plant It seems to act by causing the fer- 
mentation of ^e sugar, &c., and a change of the sweet or sac- 
charine matter into acetic acid. A quarter of a pound of the 
commonest brown sugar and a little treacle, with a quart of 
water, should be put into a stone jar. In this place a "vinegar 
plant," and in iiree or four weeks excellent vinegar is pro^ 
duced. 

Vinegar from Wine. — ^Leave wine exposed to the air at a 
temperature of about 65 deg., and acetic acid will speedily be 
formed. The taste of vinegar, independent of its acidity, is 
due to the vegetable matter dissolved therein. 



tartaric acid. 

Experiment 217. — Tartaric acid is found in the juice of 
gp:«pes. Its presence is easily shown by adding a little carbo- 
nate of potass to a solution of the acid in a glass. On touching 
the sides of the glass with a piece of broken glass tube, minute 
crystals of cream of tartar, bitartrate of potass, are deposited on 
the parts which have been rubbed with the glass tube. It is 
found in many sorts of wines. 
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CITRIC ACBD.— OXALIC ACID. 



Experiment 218. — Citric Acid. — This acid is obtained fix>m 
lemons, by adding some powdered chalk, and subsequently a 
little sulphuric acid and water. The citric acid is found in the 
liquid, the sulphate of lime fEklUng down in the shape of a white 
powder. 

Experiment 219. — To print White Spots on Blcbck Calico. — 
Dye a piece of calico black, by boiling it separately in a little 
logwood and water and a solution of copperas. When dry, press 
on the sur&ce a piece of wood which has been wetted by a 
strong solution of tartaric or citric acid, and the colour will be 
discharged, leaving a white mark. 

Experiment 220. — To take Ink Stains from Books, Ac. — 
Moisten the stain with a solution of tartaric or citric acid. The 
ink mark will be speedily effaced by the iron being dissolved 
away. 

Experiment 221. — Oxalic Acid. — This acid is found in 
rhubarb, sorrel, kc., and is a deadly poison. In case of poison- 
ing by this acid, a little chalk, or the whitening from the 
ceiling, should be mixed in water and immediately swallowed. 
This is the best antidote for oxalic acid as a poison. 

Experiment 222. — To taJee ovi Paint Stains. — Dissolve a 
little salts of sorrel, oxalate of potass, in water, and apply the 
solution to the stain. It will be speedily removed. Ink stains 
may also be taken out thus. 

Experiment 223. — To prevent mistakes between Epsom 
salts and oxalic acid, heat the substance suspected on a hot 
shovel. If it completely evaporates, it is oxalic acid ; if a 
solid white residue is formed, oxalic acid is not present, and the 
only other substance likely to be there is sulphate of zinc or 
white vitriol, which is easily known by its intensely metallic taste. 

Experiment 224. — Oxalic Acid from Sugar. — It is remark- 
able that the sweetest substance we have in use in daily life 
can easily be converted into a deadly poisonous acid. For 
this purpose, boil some loaf sugar with four times its weight of 
nitric acid, to which a little water has been added : oxalic acid 
is thus formed, and will be deposited in crystals. 

There are a variety of other acids obtained from vegetables, 
such as the malic from apples ; camphoric from camphor ; gallic 
from galls ; tannic frt)m oak bark, chesnuts, &c. ; but as we 
cannot suggest experiments of any special interest^ we shall 
introduce them casually amongst our miscellaneous chemical 
expeiimenta. 
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ALKALIES.— POTASS, SODA, AMMONIA. 

It is usual in systematic chemical works to dascribe these 
substances under the heads of metals ; we adopt a different 
course, inasmuch as our object is not so much an accurate 
scientific classification, as to impress leading facts on the minds 
of our young friends. 

Alkalies are much used in daily life ; to their action on oils 
we are indebted for our soaps and other detergent materials. 
We shall commence our experiments with potass, or pearl-ash 
as it is often called in commerce. 

Experiment 225. — To obtain Potass, — On the ashes of burnt 
wood pour some water; then evaporate until a solid is produced : 
this is the common potasa To obtain potass in a purer state, a 
little lime should be added, and the liquor will then contain, 
after filtering, nearly pure potass. 

Experiment 226. — Potassium obtained from Potass, — Sir 
Humphrey Davy was the first to discover that potass was the 
oxide of a metal By placing a piece of the metal potassium in 
the open air it will attract oxygen gas, and a white powder, 
which is pure potass, will be produced. We have already given 
experiments with this metal. (See Experiments 5 and 6.) 

Experiment 227. — To detect an Alkali, — ^We described, under 
the head of "Acids" (see Experiment 211), how to find a test 
for them. For detecting alkalies dip a piece of litmus paper 
into an alkaline solution after the paper has been reddened 
by an acid, and its blue colour will be immediately restored. 

Experiment 228. —Another Test, — Make a strong infusion of 
turmeric, by putting some of its powder into boiling water ; 
soak some stiips of white blotting-paper therein imtil of a rich 
yellow colour. These dried form a test for alkalies. 

Experiment 229. — Into a solution of potass, soda, or am- 
monia, dip a piece of turmeric paper ; with the two former it 
will turn to a deep brown ; with the latter the colour will at 
last fade to the original yellow, owing to the evaporation of the 
ammonia from its surface, although its first effect is equal to 
that of the other alkalies. 

Experiment 230. — Soji Soap, — Boil together the solution 
made by Experiment ^25 with any animal oil : soft soap will 
be produced. 

SODA. 

Experiment 231. — Soda is obtained fi^m sea plants b^ 
boming them, but commercially it is prepax^ on ^"^ \«5\^ 
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scale from common salt. Extensive manufactories of soda are 
found at Warrington, Newcastle, and Glasgow. In the latter 
citj the Messrs. Tennant have a very large manufactory at 
St. Bollox, devoted to the production of soda and bleaching- 
powder. In this establishment common salt is decomposed by 
sulphuric acid, the muriatic acid gas being carried off by a 
chimney 420 feet high. The sulphate of soda thus formed is 
decomposed by heating it with ooal, &c., and the soda is dis- 
solved out and crystallized ; soda is an oxide of the metal 
sodium, and may be obtained by the metal being exposed to the 
air, when by imion with oxygen a white powder, which is pure 
soda, is formed. 

Experiment 232. — Soap. — Boil together a solution of soda 
and tallow. After a little time the two will combine, and form 
solid soap. The soap manu&cturers often employ resin and 
animal fats of different kinds, for the purpose of producing 
soap of an inferior sort at a lower price. 

Experiment 233. — To dissolve Animal Matter, — ^Boil a piece 
of raw meat in a strong solution of soda ; the meat will be 
completely dissolved. This explains the action of the alkalies 
on the skin, which they speedily destroy if placed in contact 
with it. Laimdry-women's hands are thus very often sore, from 
the action of the alkalies in soap and washing-powders. 

ammonia. 

This is sometimes called the volatile alkali, owing to its being 
a gaseous body. It is obtained from a variety of sources, but 
chiefly from animal substances. It is ^produced during the 
maniu^ture of gas, and has become a soui'ce of considerable 
profit to the gas companies, being sold under the name of 
ammoniacal liquor. 

Experiment 234. — Amrrumiafrom Animal Maiter. — ^Bum in 
a test-tube almost any animal substance, such as bone, flesh, 
hair, or horn, and in the top of the test-tube place a piece of 
turmeric paper. (See. Experiment 228.) The paper will turn 
brown, owing to the escape of ammonia. It is sometimes 
termed spirits of hartshorn, fr-om its being originally produced 
by burning that substance. 

Experiment 235. — ATnmonia from Coal-Gas, — Hold a piece 
of moistened turmeric paper over a jet through which coal-gas is 
passing ; the paper will turn brown if ammonia is present. 

Experiment 236. — Another Test for Ammonia. — Hold a 
feather dipped in muriatic acid over any liquid or gas con- 
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taining ammonia : dense fumes of sal-ammoniac will be produced, 
owing to the combination of the two gases. 

Experiment 237. — Smelling-JSalta, — Ladies smelling-salts are 
simply carbonate of ammonia scented with an essential oil. 
To a little carbonate of ammonia add a small portion of lime ; 
mix well together, and add a few drops of oil of bergamotte, 
and keep in a close-corked bottle. 

Experiment 238. — Put a little carbonate of ammonia in a 
Florence flask, and heat by the spiiit-lamp. The salt will sub- 
lime to the cool side of the flask, in the shape of minute crystals. 

Experiment 239. — The smell from stables is oaring to the pre- 
sence of ammonia. To detect it, take into a stable a bottle con- 
taining muriatic acid ; on uncorking it a dense smoke of sal- 
ammoniac will at once be produced. (See Experiment 203.) 

Experiment 240. — To restore faded Dresses or Ribbons, — 
Put any of these articles, whose colour has faded, into a drawer 
with a smelling-bottle uncorked. The ammonia escaping will 
restore the blue colour of those which have been changed by 
add vapours. 

Experiment 241. — Hold a piece of red-coloured litmus paper 
over a bottle frt)m which ammonia is escaping ; the blue colour 
will be restored as in the last experiment. 

Experiment 242. — Ammonia, as we observe by these experi- 
ments, is a gaseous body, and may be produced by heating 
together some sal-ammoniac and lime in a Florence flask. On 
fitting a bent tube thereto, and receiving the gas into water, 
the liquid will absorb the ammonia rapidly, and liquid ammonia, 
as it is termed, is produced. Ammonia is composed of two 
gases, hydrogen and nitrogen, and is thus, by the imion of these 
two, always aflbrded when bodies contaimng these gases are 
either burned or putrefy. 

Experiment 243. — Absorption of ATnmonia by Ice. — Drop a 
piece of ice into a bottle containing ammoniacal gas : the ice will 
be speedily melted and the gas absorbed. 



EARTHS.— CLAY, FLINT, LIMESTONE, etc. 

Another class of bodies which are oxides of metals are the 
earths, of which the crust of the world is formed. AU these, 
with the exception of silica, contain metals. And lately Mons. 
Sainte-Claire Deville, of Paris, has, by the liberality of the 
Emperor Napoleon, been enabled to produce in c!^Ti\>\% ^ tslQ!^ 
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valuable metal called aluminium, which promises soon to replace 
silver and other metals for purposes of domestic and general use. 
Indeed, the very clay and bricks which are so common amongst 
us promise soon to be productive of specimens of the most 
recherche class of metallic manu&.ctures. 

We shall take the earths in the following order : — 
Alumina. Baryta. 

Lime. Strontia« 

Silica, or flint Magnesia. 

Experiment 244. — Alumina. — Common clay is composed 
chiefly of this CHEurth. Alum, again, is largely produced finom a 
clay slate. Alumina may be produced by adding to a solution 
of alum some carbonate of potass ; when pure, it is a white 
powder, containing a good per-centage of water. The cause of 
the colour of clay is owing to the presence of oxide of iron. 

The metal aluminium is with difficulty obtained from alu- 
mina. Mons. Deville's process is as follows : — Chloride of alu- 
minium is formed by passing chlorine gas over a mixture of 
clay, charcoal, and sugar. The chloride is then decomposed, by 
melting it with sodium, which, with the chlorine, forms common 
salt, leaving the metal free ; the aluminium is then melted with 
common salt, in a crucible, and cast into bars, or ingots. 

Aluminium thus produced has much of the appearance of 
highly-polished zinc. It is very light, not weighing much more 
than twice its bulk of water ; or, in other words, it weighs about 
the same as an equal bulk of glass. It is acted upon by few' 
of the acids. But the alkalies in solution speedily convei*t it 
into alumina, which is its oxide. 

Alumina is largely used in potteries, and forms the chief por- 
tion of china and crockery-ware. It is employed for making 
artiflcial gems, and is found in the emerald, ruby, and other 
precious stones. 

Experiment 245. — Alumina is used in dyeing. For this pur- 
pose it is employed as a mordaunt ; that is, to attract and retain 
the colouring-matter of the dye. Into a hot solution of 
cochineal, pour a solution of alum and a little ammonia : a 
beautiful red colour will immediataly fall down. In dyeing, 
the goods are soaked in an alum solution, before being placed in 
the bath containing the colouring-matter ; the alumina in the 
alum thus fixes the colour on the cloth or yam. 

lAme. — This earth is one of great value in daily life. The 
mortar of our houses, the bones of our bodies, the shell of the 
fish, and some of our largest moimtains and rocks, are mostly ' 
composed of it. 

lime forms twenty-eight out of every fifty parts of chalk or 
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marble, and is obtained on the large scale by burning either of 
these minerals in lime-kilns. 

ExPEBiMENT 246. — To obtain Lvme, — ^Heat some chalk in an 
iron ladle for some time. The carbonic acid of the chalk is 
driven off, and nearly pure lime remains. 

Experiment 247. — Heat from Lime, — Pour a little water on 
some firesh-made lime: great heat is produced. During the 
summer of 1859 many sheds were set fire to, owing to a heavy 
thunderstorm causing lime, stored in wooden houses, to slake 
and give out heat. It is a common practice amongst the 
labourers near London to heat their break&sts by placing a 
little lime outside of their tin cans, and then moistening it with 
water. 

Experiment 248. — Lime - Waiter. — Lime is very slightly 
soluble in water. Shake a little fresh lime up with water in a 
bottle, and leave it to settle. The clear liquid is lime water, 
such as is used in carbonic add experiments. 

The bottle must be kept well corked, owing to the attraction 
lime has for carbonic acid. 

Experiment 249. — Morton', — ^Expose a little clear lime-water 
in a saucer to the air. The lime will form a pellicle or skin of 
chalk on the sur&ce, by absorbing carbonic acid from the air. 
It is owing to this that lime eventually becomes solid, and is fit 
for use in making mortar. 

Experiment 250. — Add a little muiiatic acid to old mortar ; 
effervescence will take place, owing to the escape of carbonic 
acid gas. 

Experiment 251. — Li/ine is Alkaline, — Put a small piece of 
lime on turmeric paper, and moisten with water. The turmeric 
paper will turn brown. (See Experiment 228.) 

Experiment 252, — Egg Shdk a/re composed of Lime. — Heat 
some egg shells, as in Experiment 246, and lime will be left in 
the ladle. 

Experiment 253. — To ptU an Egg into a narrow-nscked 
BoUle. — ^Leave an egg in some strong vinegar, or in some weak 
muriatic acid, for some hours. The lime will be dissolved away, 
and the egg will be quite soft. It is to be gently pressed into 
the neck of the bottle, and when inside a little anmionia 
and water added. The egg will regain its old shape speedily, 
and be quite a puzzle to your yoimg friends, as to how it was 
got inside. 

Poultry require earth containing lime to peck at, otherwise 
the eggs laid would be without shells ; even pea-plants will not 
afford peas unless lime is present in the soil in which they 
i(row. 
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Experiment 254. — JAme from Bones, — Heat some bones 
strongly in an tmcovered ladle. A white substance is left, which 
is chiefly lime. 

Experiment 265. — The Solidity of Bones is owing to ike pre- 
sence of Lime. — Keep bones for some time in a strong solution 
of muriatic acid. The solid texture will be lost, and the bones 
will become quite soft. 

The difference between the solid character of the bone of a 
grown-up person and that of an infant, is owing to the com- 
parative absence of lime in the bones of the child ; and its 
contiQuous addition to the bone during the growth of the adult 
from the substances on which he feeds. 

Experiment 256. — lAane a powerful Disinfectcmt, — Sprinkle 
some powdered lime on any putrefying body. The smell will 
be speedily arrested. During the summer of 1858 and 1859 
several thousands of tons of lime were cast iato the Thames, 
with the hope of destroying the offensive smell which arose from 
the putrefying matter of the sewers. 

Experiment 257. — Plaster of Paris, — ^This substance is a 
sulphate of lime, and is largely obtained in Derbyshire, and 
near Paris. Crystals of sulphate of lime may be found in the 
clay roimd London, especially in some parts of the banks of the 
New River. 

The plaster casts sold by the Italian boys are made of it, by 
mixing its powder with water, and pouring the liquid into 
moulds. It soon becomes solid, and takes an exact impression 
of the mould. 

To copy a Coin or other Object. — ^First slightly oil the surface 
with sweet oil, and form round the coin a paper rim, to prevent 
the escape of the liquid ; then mix the plaster of Paris with 
water ; stir it up quickly, and pour it on to the surface of yoiur 
coin. After the plaster is solid, pare off the superfluous edges, 
and the copy will be complete. 

Busts are taken from life by the same means, but we strongly 
advise our young friends not to attempt this, lest they should 
encase a friend in a solid stone covering, and require the use of 
a chisel to remove the plaster. An accident of this sort occurred 
to a young friend of om* acquaintance who was desirous of 
taking the bust of a sister. The young lady nearly lost her life 
by the plaster getting into the moutii and noslrils. As the 
plaster soon " sets," or becomes solid, take care to leave none in 
any vessel, bub immediately wash it out after use. 

Experiment 258. — ^To give a polished appearance to plaster 
casts, rub them over with a solution of curd-soap iu water. 

JExpbbiment 259. — Coloured casts may be obtained by mixing 
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with the plaster Prussian blue, chrome yellow, <fec., which will 
impart their individual tints to it 

SUica, or Flint, — ^This earth is very abundant in nature, 
forming a large proportion of the sand of oui* sea-shores, and 
also of the granite and other rocks of mountainous regions. 
Its uses are very various, even from the manufacture of glass of 
every kind, of which it forms the most essential part, to the 
employment of stone for our houses, and flag-stones on which 
we walk. It is found also in a variety of grasses, to which it 
sometimes acts as a backbone. Our young friends may dis- 
tinguish it easily, by rubbing the grass between the fingers ; it 
sometimes is so sharply crystallized as to cut the hands, when 
engaged in laying grass aside, or in plucking sedges. The black 
stones found in chalk are masses of flint supposed to have been 
formed by the silica having been deposited in animal and 
vegetable substances; and thus to have replaced their solid 
tissues. The beautifiil mineral " quartz" is a crystallized state 
of this earth. 

Experiment 260. — Silica may be obtained pure by fusing 
sand in a crucible with four times its weight of carbonate of 
soda. When cool, the mass is to be broken up, and muriatic 
acid is to be added to it ; the silica falls down in a jelly-like 
shape. If this is dried and then washed, a white gritty powder 
is obtained, which is pure silica. 

The most interesting manufacture in which this substance is 
employed is that of glass, and our young friends should embrace 
the firat opportunity of seeing over a glass-work. To give some 
idea of the mode of making glass, we must ask you to imagine 
a circular furnace with a tall chimney, having, say six holes, 
each of which communicates with a large pot, holding several 
hundredweights of what is called " metal," in a melted state. 
This " metal " is made up of sand, red-lead, and an alkali ; 
potass being used to make hard, and soda for soft, glass. By 
hard and soft glass we mean that such glass is with difficulty 
or easily melted. 

After these ingredients are well mixed and fused at an intense 
heat, a workman takes a long tube, and dipping its end inte 
the melted glass, withdraws a small portion. If he intends 
to form a bottle, he blows through the tube until the vessel has 
arrived at the proper size. On shaping the bottle completely, 
he breaks it from the tube by touching the neck part with a 
piece of cold iron. The vessel breaks off at once, and then 
requires annealing. 

Unless glass were properly annealed, it would break on the 
slightest change of temperature. This is effect^ \ys[V<e»^v(^% 
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the glass and then allowing it to cool yery gradually ; and on 
the perfection of this process depends the quality of the dif-> 
ferent glass vessels we use in domestic life. 

Glass is cut by means of a lathe, on a wheel of which emery 
powder is strewed, and the best kind of glass is generally 
employed for this purpose ; hence the preference still held by our 
older housewives for articles of cut glass manufetcture. 

Plate glass is made by rolling glass something after the same 
&8hion as we roll paste. It requires polishing, which is a pro- 
cess lately brought to great perfection. 

Common window-glass is made by a very singular method, 
but we cannot convey an adequate description of it by writiag ; 
to be understood it must certainly be witnessed in action. 

Artificial gems are made from silica coloured with yarioos 
oxides of metals ; but as this process also requires extensive 
arrangements, we shall not attempt to describe it. 

Silicon, the base of silica, is a dark-brown powder. It is ]»ne- 
sumed to be something analogous to charcoal 

Ba/ryta. — This earth has obtained its name finom a Greek 
work, signifying heavy, it being the heaviest of all the different 
forms of earthy matter. Its chief use is as a mixture for fire- 
works ; and to some extent it is employed as a pigment. 

ExpEBiMENT 261. — To make Nitrate of Ba/ryta, — Add some 
nitric acid to carbonate of baryta, with a little water : the 
nitrate of baryta is thus formed, and may be crystallized by 
evaporating the solution. This is the salt employed for giving 
a green colour to flame. (See Experiment 191.) 

Experiment 262. — Chloride of barium is chiefly used as a test 
for sulphuric acid. It is easily produced by using muriatic acid, 
instead of nitric, and proceedmg as in the last experiment. 

Experiment 26^. — ^trontian is an earth almost exclusively 
employed by fire-work makers. Its nitrate can be obtained by 
adding nitric acid to the carbonate, and proceeding as with 
baryta. (See Experiment 261.) It is employed to give a red 
colour to flame. (See Experiment 190.) 

Magnesia. — This earth is almost exclusively employed in 
medicine, and our young Mends have, no doubt, often made 
acquaintance with it under the form of Epsom salts. It is 
found in sea water, mineral waters, in oyster shells, and in 
mountain limestone. 

Experiment 264. — Epsom Salts, — To prepare these, pour a 
little dilute sulphuric acid on the white magnesia, sold at the 
chemists ; leave the solution exposed to the air, and in a few 
days sulphate of magnesia will appear in crystals. The title 
^jNSom salts was given to this salt owing to its being found in 
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springs near Epsom. It is found, however, in the majority of 
mineral waters. 

Besides the earths we have mentioned, there are others rarely 
met with, such as glucina, zirconia, yttria, thorina, and lithia, of 
which it will be sufficient for us just to mention their names. 
Our limits will not permit us to point out to you the various 
relations in which the earths stand to us in daily life. They 
£»rm our bones and teeth ; they are found in our food, such as 
bread, milk, and flesh of all sorts ; and, in fact, they seem to serve 
an analogous purpose in the animal, vegetable, and mineral 
kingdom, — ^that of giving firmness and solidity to their struc- 
ture. 



MISCELLANEOUS EXPERIMENTS. 

In the foregoing pages we have been endeavouring to give 
you some general idea of the nature of the most interesting 
elements and compounds embraced in the study of chemistry ; 
omitting those which are either rare, or not of general interest 
to young readers. We shall now, without reference to arrange- 
ment of any sort, present you with various miscellaneous 
experiments ; so that whilst they may afford you amusement, 
they may at the same time act as a soii; of exercise in the 
different rules and laws we have previously laid down. We 
shall offer little or no explanation, but leave you to refer to 
what we Aave said for the purpose of understanding what we 
are about to say. 

Experiment 2%6, — To crystallize Sugar. — Sugar Candy. — 
Make a strong syrup by dissolving brown sugar in boiling 
water. Hang in it a few small strings — on these large crystals 
will form, provided the syrup is allowed to cool gradually. 

Experiment 266. — To make Crystal Baskets. — Dissolve 
some sulphate of copper in boiling water until no more is taken 
up. Then introduce a basket, made of copper wire, covered 
with cotton. As the liquid cools, the crystals of the salt will 
be deposited on the cotton coveiing the wire ; and, when com- 
plete, will form a handsome chimney ornament. The covered 
wire may be obtained from any wire merchant ; if you cannot 
easily get it, cap Wire will answer for the purpose. 

Experiment 267. — To bleach Straw Bonnets. — ^Wash the 
bonnet carefully from grease, &c., in the usual manner. It 
should then be attached to the top of a box, say ev^V^^fimOcL^ii^ 
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high. In the lower part of the box, beneath the bonnet, place a 
ladle of burning sulphur. After a short time the straw will attain 
a light colour, and will be fiilly bleached. (See Experiment 101.) 

Experiment 268. — To silver Ribbons, — ^Write on a white 
silk ribbon with a solution of nitrate of silver ; then place the 
ribbon immediately in a jar of hydrogen. The silver will be 
reduced on the ribbon surface in the metallic state. 

Experiment 269. — To detect Copperas in Me or Porter, — 
Add a solution of prussiate ci potass, and, if iron is present, 
Prussian blue will be at once thrown down. (See Experi- 
ment 145.) 

Experiment 270. — To detect Alum in Bread, — Boil the soft 
of the bread for some time in water. Filter the liquid, and 
when cold add to it chloride of barium or nitrate of barjrtes. If 
either alum or plaster of Paris are present^ a white powder will 
be thrown down. 

Experiment 271. — To detect Svlphwric Acid in Vinegar. — 
Add the solution of chloride of baiium to the vinegar, and, if 
any sulphuric acid is present, sulphate of baryta will be formed, 
as in the last experiment. 

Experiment 272. — Stream of Blue Fire. — Melt sulphur in a 
ladle until it bums briskly ; let it then drop through the air 
from a height of ten or twenty feet; it will form one con- 
tinuous stream of blue fire. 

Experiment 273. — Lead in Water, — ^Lead cisterns and pipes 
often render water poisonous. Through the suspected water 
pass a little sulphuretted hydrogen gas. If the metal be pre- 
sent, it will be thrown down as a dark-brown powder. (See 
Experiment 109.) 

Experiment 274. — Lime in Water. — River and spring water 
are often hard through containing Ume. To such add a solu- 
tion of oxalic acid and a little ammonia, and oxalate of lime 
will be precipitated if lime is present. 

Experiment 275. — To taJce Ma/rJdng Ink Stains out of 
Linen, — Soak the part in a strong solution of corrosive sub- 
limate, and afterwards wash well in water. 

Experiment 276. — To render Hard Water Soft, — Dissolve 
some lime in a pail of water, and add the clear solution to the 
hard water. The lime takes up the excess of lime dissolved in 
the hard water, and forms chalk. This renders the hard water 
soffc^ by depriving it of the soluble bicarbonate of lime. 

Experiment 277. — To make Aerated LirrUb Water. — Pour a 
tablespoonfiil of lime water into a tumbler ; to this add a bottle 
of soda water. . This forms a solution of bicarbonate of Ume, 
and is an excellent remedy for acidity of the stomach. 
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Experiment 278. — To detect Starch in Sweetmeats^ dsc, — 
Dissolve them in cold water j add a little solution of iodide of 
potassium. On stirring the mixture with a glass rod, on which 
are two or three drops of sulphuric acid, if starch is present, 
the whole will turn of a dark-blue colour. 

Experiment 279. — To melt a Threepenny-piece in a Walnut 
Shell. — Into the shell, with the coin, put a mixture of one part 
of chlorate of potass, with twice its weight 6f pounded lump 
sugar. On setting fire to this, sufficient heat will be afforded to 
melt the silver. 

Experiment 280. — Light and Heat from Sugar hy means of 
a Cold Liquid. — Into the mixture of chlorate of potass and 
sugar drop a little sulphuric acid, by means of a glass rod. The 
mixture will at once inflame. 

Experiment 281. — To make a Solid from Two Liquids. — 
Prepare a strong solution of chloride of calcium, by dissolving 
chalk in muriatic acid. Into this pour a solution of sulphate 
of soda. On stirring them together, they will soon afford a 
soHd, which is plaster of Paris. (See Experiment 257.) 

Experiment 282. — Liquid giving a Green ^a7?ie.— Dissolve 
boracic acid in spirits of wine. On being set fire to, a rich 
green flame is produced. 

Experiment 283. — To crystallize the Surface of Glass. — 
Wash, by means of a painter's brush, the surface of the glass 
with a hot solution of either Epsom salts, alum, or sal am- 
moniac. As the glass cools, beautiful crystals will be deposited 
on its surfiice. 

Experiment 284. — Frosted Trees. — Fix in the top of a glass 
jar a twig of any plant, such as of thyme, marjoram, or rose- 
mary, and place it over a piece of hot iron, on which throw 
some benzoic acid. The acid will sublime to the twig and top 
of the jar, and beautifully " frost" over the surface of the 
leaves, &c. 

Experiment 285. — To make Teaspoons which vnll mdt in a 
Gup of Tea.^-MQ\t together the following metals in the propor- 
tions named, and have the alloy made into tea-spoons : — 

Bismuth eight oancea 

Lead five ,, 

Tin three „ 

These spoons, although presenting the appearance of Britannia 
metal, will immediately melt on being stiri'ed in a cup of hot 
tea, to the great amusement of young folks. 

Experiment 2%^. ^-Bone forming amd China-mending.^^The 
bones of the body are continuously supplied m1;.\k ^xaa Xs^ HJcift 
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food, and china may by an analagous process be mended wheji 
broken. For this purpose bind careftilly together the different 
pieces of the broken article, and boil them for six hours in 
new milk. The whole will be again solidly united ; and owing 
to the deposition of the lime from the milk in the cracks, the 
article will become as solid as when fiist made. Tape answers 
best for binding the pieces into the original shape. 

Experiment 2S7 ,---Colov/red Fire-papers, — Dip blotting-paper 
into a mixture of nitric and sulphuric acids. After leaving it 
for two or three minutes, wash it till every trace of acid is lost. 
When dry, dip the paper into a strong solution of chlorate of 
potass, and afterwards into a solution of nitrate of strontian for 
a red flame ; nitrate of baryta, or a solution of boracic acid, 
for a green. The paper shoiild then be carefully dried. When 
ignited these papers aflbrd brilliant flames of the coloiirs we 
have named, and biun rapidly, like gun-cotton. 

Experiment 288. — JSalt from the Hands, — ^Rinse the hands 
in distilled water, and to this add a solution of niti-ate of silver. 
The common salt obtained from the perspiration will thus be 
easily detected, by the formation of cMoride of silver. 

Experiment 289. — To detect Starch in Sugar. — Brown sugar 
is often adulterated with potato starch. This may be detected 
with a solution of iodide of potassium and a drop of sulphuric 
acid, by the blue colour produced when starch is present. 

Experiment 290. — Common tallow candles during combustion 
gradually give less light, owing to the wick not being consumed 
away. Incline one of them a little to one side. The oxygen 
of the air will then have access to the red-hot wick, and the 
latter will gradually bum away. We have suggested this plan 
to many working persons as an easy way of making tallow 
candles snuff* themselves, and by a little care the process will go 
on, and save all further trouble, until the candle is completely 
consumed, and the tallow wUl not run down the sides. 

Experiment 291. — Dissolve some tallow in a strong solution 
of soda, and it will form soap (see Experiment 232) ; add some 
water to it, and afterwards some sidphuric acid. The solid 
part of the soap will now separate. It is called stearine, and 
it is of this that "composite " candles are made. 

Experiment 292. — Place a drop of olive oil and one of otto 
of roses on two separate pieces of paper. Hold each over the 
spirit-lamp. You will find that the olive oil will remain, whilst 
the otto of roses entirely evaporates. Hence the former is 
termed Sbjixed oil, and the latter a volatile oil. 

Experiment 293. — Place any one of the following articles of 
food in the bowl of a clean tobacco pipe, and heat it red-hot 
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fo)* some time in a fire, as bread, flour, potatoes, peas, beans, 
and meat. From any one of these you "will obtain some white 
ashea These are formed of the earths gathered from the soil 
in which the vegetable grew, or, in the case of meat, from the 
grass on which the animal fed. When taken into our bodies, 
they go to form bone (see Experiment 255), 

Experiment 294. — Try the same method with sugar. You 
will find no earthy matter produced from it. Hence sugar is 
not sufficient by itself as an article of food to sustain the growth 
and substance of the body. 

Experiment 295. — Put a small piece of clay out of the garden 
or field, into a Florence flask, and add to it a little muriatic acid 
and water. Boil the contents of the flask over the spirit-lamp. 
When cool filter the liquid left through some blotting-paper. 
Try this for the presence of iron by adding to it some of the 
solution of prussiate of potass. A blue colour (prussian blue) 
will be at once produced (see Experiment 145), owing to iron 
being present in the clay. 

Experiment 296. — Put a little Epsom salts and common salt 
into a glass of water. When dissolved, add some solution of 
chloride of barium. This will separate the sulphuric acid of 
the Epsom salts in the form of a white powder. Filter the 
liquid through some blotting-paper, and when quite clear add 
to it some solution of nitrate of silver. This will separate the 
chlorine from the common salt also in the shape of a white 
powder. 

Experiment 297. — Having obtained the two white powders, 
separately, expose them to the action of the sim*s rays. That 
obtained fix)m the Epsom salts will retain its white colour; 
but that produced from common salt will turn black by the 
action of light. Hence, by these simple means, these two 
powders may be distinguished. 

Experiment 298. — The last three experiments illustrate a 
branch of chemistry called analysis, "By extending the same 
principles, the chemist is enabled to detect the presence of 
poisons, &c., 'in cases where his skill is required. He often 
obtains the result of his processes in what is called a precipitate. 
Thus, dissolve some camphor in spirits of wine ; the solution 
will have the appearance of water. But now add some water 
to it ; the camphor will immediately separate from the spirit^ 
and fidl down as a white powder. This is called a precipitate. 

Experiment 299. — Take some of the bright yellow scales 
often seen in pieces of coal, and having powdered them, heat 
them red-hot in a crucible, or in the bowl of a tobacco pipe. The 
sulphur they contain will thus be driven q& I^onv ^<^ \i^ \^[v^ts^ 
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either sulphuric, nitric, or muriatic acids, together with a little 
water. They will soon disappear. On testing the solution with 
prussiate of potass, the prussian blue will be produced, proving 
that iron was present. These yellow scales are composed of iron, 
combined with sulphur. 

Experiment 300. — Dissolve some prassian blue obtained in 
the last experiment, or otherwise, in a solution of oxalic acid. It 
will afford a fine blue liquid. By adding a little gum, it may be 
employed as a blue writing-ink. 

Experiment 301. — Boil a piece of calico in a strong infusion 
of logwood, made by boiling logwood chips in water, and strain- 
ing off the clear liquid. Afterwards soak the calico for some 
time in a solution of copperas (sulphate of iron). The cloth will 
thus acquire a dark slate colour. By repeating this process 
twice or thrice, you may dye it of a black colour. 

Experiment 302. — On a piece of calico dyed as above, press 
a piece of wood, which has been wetted with a strong solution 
of citric acid. The colour will be discharged, and a white mark 
will be produced. By similar means calico printers produce the 
white patterns on ladies' muslin dresses. 

Experiment 303. — Soak a piece of white cotton cloth in a 
solution of sugar of lead (acetate of lead), then introduce it into a 
solution of bichromate of potass. The cloth will be dyed of a rich 
yellow colour. By this process gloves and other articles may 
be dyed of a colour extending from a primrose to a light orange 
tint. 

Experiment 304. — Soak some cotton cloth or yam in a 
solution of copperas, and afterwards dip it into a weak solution 
of bleaching powder. It will become of a brown colour. 

Experiment 305. — ^Wash some safflower, which you can 
obtain at the druggists, with water till all the yellow colour is 
removed and the water passes off colourless. The remains of 
the safflower must now be soaked for a few houi*s in a solution 
of carbonate of soda in cold water. Into this liquid dip a piece 
of white calico, and you will observe only a dirty red colour 
produced. Transfer it to a solution of citric acid, and you will 
immediately find that a most beautiful rose tint is afforded, 
owing to the acid " bringing out " the I'ed colour of the safflower. 
By similar means the fine rose colour dyes of silk dresses and 
ribbons are produced. 

Experiment 306. — ^Put some of the red leaves of the cactus 
flower into a solution of carbonate of soda, and proceed through- 
out the process as described in the last experiment. A rich red 
colour will be afforded by the leaves. 
JExPERiMEurr 307. — Into a kettle, which from long use haa 
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been coated with " fur," pour a very weak mixture of muriatic 
acid and water. The " fur" contains lime, and the acid dis- 
solving this will soon clean the metal sur&ce. In large steam- 
boilers this fur accumulates very rapidly, and has sometimes 
been the cause of serious accidents. We have seen two large 
cart-loads of this "fur" removed fi-om a forty-horse steam- 
boiler, at the end of each month's work. After cleansing the 
kettle as above, wash it carefully with cold water. 

ExFERTMKNT 308. — Spirit bottles are often coated with a fur 
through the alkali used in rectifying adhering to their inside 
sur&u». To such apply a little vinegar or dilute muriatic acid, 
and the coating will at once disappear. 

ExPERDCENT 309. — The inside of water bottles often become 
coated with a vegetable growth. This is easily removed by a 
solution of soda. The bottoms of ships are often covered so 
thickly in a similar manner, as to impede their progress through 
the water. 

The above experiments aflford instances of the application of 
Chemistry to manufacturing purposes, and will give the hint to 
our young Mends, which, if they carry out, may suggest to 
them some cases where Chemistry may be made useful in home 
matters. 

Experiment 310. — The Fire Clovd, — This experiment is very 
beautiful, but is scarcely fit to be tried in a room, as it tends to 
blacken the ceiling, and is somewhat dangerous to an inexpe- 
rienced person. We will, however, give full directions, so that 
older hands may, if they please, help to amuse " youths " of all 



Have made a strong copper vessel, which should be about ten 
inches long and three inches in diameter, and of the shape of an 
ordinary bottle. Into this, two pipes must be soldered, each 
reaching nearly to the bottom of the vessel ; into one of these a 
jet and stopcock should be screwed, and to the other a stopcock 
must be also fixed, to which a syringe can be screwed. A strong 
solution is to be made by putting about fo\ir ounces each of 
nitrate of strontian and chloride of barium into a pint of the 
best spirits of wine, and shaking them up repeatedly until as 
much as possible is dissolved. To use the apparatus, pour into 
the bottle as much of the clear solution as will half-fill it 
through either of the tubes. Open at the same time the other 
stopcock, to allow of the escape of air. As soon as the bottle is 
half-filled, close the stopcock of the jet, and pump in, by means 
of the syringe, a large quantity of air through the other tube. 
With respect to this, we would advise fifty strokes of the 
piston of a syringe eight inches long and one in.cl\ m ^c^dxcis^x^ 
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Then close the stopcock, remove the syringe, and put the copper 
bottle into some hot water, to heat the spirits. The bottle 
should be wrapped in a cloth, to protect the hands from heat. 
Standing on a chair or pair of steps, direct the jet to the 
ceiling ; open its stopcock, the spirit will fly out, when the 
vapour must be ignited by an assistant. The effect is very fine, 
if all is properly managed, as the most beautiful and different 
coloured clouds of fire will extend over the whole surface of the 
ceiling. The subjoined diagram will explain the whole suffi- 
ciently j it represents a section of both bottle and syringe. 




Fig. 66. 

We just add to this description a few words of caution. Take 
care that the bottle is made of 8tov>t copper, that every part is 
air-tight, and lastly, as the spirit is very inflammable, never 
conduct any part of the preparatory process in a room where 
there is either lamp, candle, gas-ligh^ or fire. 




TUB HTDRO-EUBOTRIO HACHIMS. 



EXPERIMENTS IN ELECTRICITY. 



Ik our Chemical experiments we have often had to call in to 
our aid both light and heat ; indeed, without the assistance of 
one or other of these forces (as they are called), we could have 
had but little or no success. 

We need scarcely remind even the youngest of our friends, 
that matter of any sort can not put itself into motion. Now, 
there are but few powers in nature, that we are acquainted 
with, that are employed for this purpose, and they have been 
called respectively light, heat or caloric, electricity, and mag- 
netism. The three first are found in every body we have yet 
examined, and the recent researches of Dr. Faraday and others 
lead us to believe that almost everything is susceptible of even 
the influence of magnetism. 

We now propose offering a series of experiments illustrating 
the nature and application of these various powers ; and we can 
promise a rich fimd both of amusement and instruction, during 
our progress,— electrical machines, galvanic batteries ^W:^i:^ 
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typing, sbocking-inacliines, magnets, telesoopes, microscopes, 
magic lanterns, photography, and a vast variety of other such 
matters will be pressed into our service. And as we have 
already attempted, so we shall continue to make the pursuit of 
our experiments both easy, safe, and economical to all our 
readers. 

Electricity is, comparatively speaking, a modem branch of 
science, although some of the results of electrical disturbance 
have been known for ages. Some thousand years ago it was 
known that if amber was rubbed briskly it attracted small pieces 
of feather and other light substances to its sur&tce. In &ct, the 
name of the science is derived from the Greek word electrorij 
signifying amber ; and, doubtless, the ancients must have been 
acquainted with many of the facts of the science, yet they had 
not, or did not exercise the power of gathering together and 
generalizing these facts. 

We have already said that electricily is found in all bodies ; 
we shall now name some experiments by which you may call 
this force out from its latent state. By the fcerm latent, we mean 
that whilst the force exists in all bodies, yet it is not observed 
by our senses, until we use proper means to bring it out. It 
then becomes what we term sensible. 

Experiment 1. — Rub a piece of sealing-wax on the coat-sleeve, 
and then hold the rubbed end near some pieces of paper. The 
papers will leap from the table and for a short time adhere to 
the wax ; they will then fall o% again to return, the reason of 
which we will explain presently. 

Experiment 2. — ^Warm a piece of glass tube, and rub it with 
a dry silk handkerchief Hold it over the feathers or paper as 
before, and you will have the same result. 

Experiment 3. — The same may be done with amber, resin, 
gutta percha, &c., each of which you can try. 

Experiment 4. — Electricity from Paper, — Dry a piece of 
foolscap or writing paper well before the fire, lay it down flat on 
the table, and rub it briskly by means of india-rubber ; quickly 
lift it off the table, and you will find it inclines to adhere to ite 
surfece ; present your Imuckle to the paper as it hangs in the 
air, and you will observe it approach to your hand. This is an 
instance of what we call electrical aMraction. 

Experiment 5. — To obtain a Spa/rk from Paper. — Try the 
same experiment in a dark room, and you will find a small 
spark pass between the paper and your knuckles. This is 
termed the electric spark. 

Experiment 6. — Electricity from the Back of a Ga^. — ^Rub the 
far of a bJack cat from the head to the tail by means of a dry 
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Iiandkercliief or by the hand ; the fur will rise up in all direo- 
tions, each piece seeming to drive the other away. This has 
been termed eUcPriccU repulsion. 

Experiment 7. — Try the same experiment in a dark room, 
and by presenting your knuckle to the edge of the fur you will 
find a land of pricking sensation, and at the same time observe 
minute sparks passing. 

These experiments are very simple modes of obtaining elec- 
tricity by Motion, and we here remark that the spark produced 
by rubbing the paper or the cat's back is exactly the same in 
its nature and cause as a flash of lightning, each being produced 
by a disturbance of the electric force. 
* Having thus shown how easily electricity is obtained by the 



Fig. 1. 




THE OTURSaWAL XAOHXKS. 

Fig. 1. — ^In the above diagram we have an illustraidoD of the usual 
form of the CyUndrical Macmne> i& 'vduoh — 
a b represents the glass cylinder. 
c d the lees by which it is supported, 
e /the winch handle by whioh tJie cylinder i> turned. 
g the rubber. 
h the conductor. 

i the glass support to the rubbw. 
Js the glass support to the conductor. 

mna moveable foot, by which the distance between the rubber and 
the cylinder can be adjusted. 
These arrangements vary slightly, according to the views of the 
maker, bat the different parts are common to every form of msfcWvii^ 
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fiiction of various substances, we shall proceed to explain how 
we are enabled to obtain sufficient of the force for us to examine 
its effects on a large scale ; and for this purpose we shall require 
the assistance of one or other of the different sorts of electrical 
machines which hare been invented by various students of the 
science. 

Electrical machines are chiefly of two classes ; namely, the 
cylindrical and the plate machine. Of course, their cost varies 
in proportion to the size ; but one suitable for our young Mends 
may be purchased at a philosophical instrument maker's for 
a small sum. 

The Cylindrical Machine, one of which is represented on the 
preceding page, is perhaps the cheapest of the glass kind of 
these arrangements. The description we have appended will 
give you an idea of its construction, and the mode of using it 
we shall explain further on, giving you at the same time full 
instructions as to special matters, an attention to which will 
ensure success in your experiments. 



THE PLATE MACHINE. 
These are made in various forms, some having one, and 
others two rubbers ; our illustration is of the latter class. At the 
top and bottom of the plate, the rubbers are fixed and their 




Fig. 2. 

pressiu-e on the glass is regulated by means of thumb-screws. 
Prom each, side-arms proceed, which terminate in the chief con- 
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ductor. Both in this, and in the cylindrical machine, that 
portion of the conductor facing the glass is covered with points, 
which, as we shall explain hereafter, have the effect of collecting 
the electricity jfrom any surface where it is set jfree. Fig. 2 
illustrates one of the most usual forms of the plate machine. 

We are indebted to a gentleman named Simmonds, residing 
in the West of England, for a new and cheap gutta-percha 
electrical machine. He deposited one in the London Polytech- 
nic some years ago, and as we have tried it in all sorts of 
weather, we have no hesitation in recommending it as a cheap 
and effective substitute for the usual apparatus. The one we 
refer to had a plate of gutta-percha twelve inches in diameter, 
with rubbers of hare-slan. And we have given a shock from 
it by a Leyden jar to thii-ty persons at one time. It requires 
no amalgam, and if kept clear of dust, is always ready at a 
moment's notice. 

The tray, supports, and plate are all made of gutta-percha ; in 
fiswst, every part of the machine, excepting the rubber, is of that 
material The rubbers are made either of doe, rabbit, or hare- 
skin, with the ftir next the gutta-percha plate. An inspection of 
one of the ordinary glass machines, or a careful study of ours, in 
fig. 2, will give the best idea of the arrangements of each separate 
part, the student bearing in mind that, as regards everything 
but material, he must follow the construction of the common 
plate machine. 



THE ELECTROPHORUS. 

This is a simple arrangement, by which a considerable amount 
of electricity may be obtained ; and, to our young friends, it 
presents a ready mode of giving 
shocks and sparks with a Leyden 
jar, which we shall describe further 
on. 

To make an Electrophorua. — Have 
made at the tin-smith's a circular 
tray of zinc, twelve inches in diameter 
and half an inch deep. Fill this with 
melted yellow resin up to the edge of 
the tray (a, ^g. 3). Now fix to a 
circular plate of zinc, which should m 

be quite flat and its edges smooth, a rr — r ' 

piece of gutta-percha tube, to form a ^* 

handle (b). The zinc plate (c) should be nine inches m ^v»xsi<^\j€t. 
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When the resin in the tray (a) is quite cold, rub its sur£etce 
briskly with a warm dry piece of flannel ; then place the metal 
plate (c) on the resin, holding it by the handle, l^ow touch 
the top of the plate with the finger, and raise the plate by the 
handle two or three inches from the resin. On presenting your 
knuckle to the edge, you will find a spark pass. This may be 
often repeated by replacing the plate on the resin, touching it 
whilst diere, lifting it up, and again obtaining the spark ; or if 
you are charging a jar by this arrangement^ you simply present 
the metal plate to the knob of the jar, and the spark, thus 
repeatedly passing, will charge it. Tou need not rub with the 
flflomel each time, as one excitation answers for some time. 




Fig. 4. 



Fig. 4 represents another simple form of electrical machine, 
which, however, we have never tried. 

An endless sheet of gutta-percha (a) is passed over two rollers 
(b b), and turned rapidly by a handle thereon, o c represents 
two rubbers, formed of hard hair brushes. The conductor (d) is 
furnished with points, and collects the electricity produced by 
the friction of the gutta-percha against the rubber. 

A machine of t£e above construction is very easily made. 
The framework, and indeed every part^ may be constructed of 
gutta-percha. As that material is a very poor conductor of 
electridty, and does not easily gather moisture on ils sur&oe^ 
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it presents many advantages when used in the construction of 
electrical machines. 

Whenever the cylindrical or plate-glass machine is used — and 
we prefer a plate machine for most purposes, — the following 
precautions must be adhered to most carefcdly, to ensure you 
success in your electrical experiments. 

1st. — Provide first two or three old silk handkerchiefs, and 
having dried them well before the fire, clean every part of the 
machine, legs, stand, plate, or cylinder, rubber, and conductor, 
completely from dust and dirt. 

2nd. — If any marks are found on the glass, wash these off* by 
means of spirits of wine and a soft rag. 

3rd. — After ev^ry part of the machine is thus cleaned, throw 
over it a dry silk handkerchief, and place the whole near a fire, 
but not too close, lest you should crack the glass, imtil the plate 
or cylinder is a little warmer than the air of the room in which 
you are about to try your experiments. 

4th. — The rubber must now be amalgamated. This is done 
by pulling back the silk fiap, and gently laying on the cushion 
of the rubber an amalgam made of the following ingredients. 
They should be mixed in a clean mortar, only in quantities 
required for pi'esent use, as they are apt to spoil if kept long, 
and in such case the amalgam is worse than useless. 

Becipe for electrical amalgam : 

Zmc one ounce. 

Mercnry two ounces. 

To make the amalgam adhere to the sur&ce of the cushion, 
just smear it slightly with a little clean tallow, on which the 
amalgam may be spread with a knife. 

5th. — ^The cushion being amalgamated, screw it towards the 
glass-plate, so as to press on it gently ; turn the handle of the 
machine, and wipe the glass until all ti-ace of grease, &c., is 
removed after it leaves the cushion. Replace the silk flap, 
and you should now find the machine in good working order, 
and giving off* long sparks from the conductor to the knuckle. 

6tib. — Damp weather is the worst enemy to the electrician, 
and in such a case, the application of dry, warm cloths to every 
part of the machine is yom* only remedy. These must be con- 
tinually used after each experiment, as we named in rule 1, 
to remove all moisture and dust, which may gradually ac- 
cumulate. 

7th. — In putting away your machine after use, keep it in a 
dry place, and on each time of using repeat all these precau- 
tions, and you will generally ensure succeaa. TYi^ T\]\i\>«i: ^wsi^ 
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be re-amalgamated, being first cleansed of all that remains from 
a previous use. Dry and clean arrangements are the sheet 
anchor of the electrician. 

The gutta-percha machines require no amalgam. They 
should be kept perfectly tree from dust, and the same remarks 
apply to the electrophorus. Presuming that the machine is in 
good working order, we now proceed with some experiments 
on the electric spark. 

Experiment 8. — Connect the rubber of the machine by 
means of a wii*e, with a gas-pipe or any metal such as a water- 
pipe, (fee, for the purpose of ensuring a continuous action of the 
machine. Now turn the handle, and present the knuckle to 
within an inch of the conductor — a bright spark will pass. 

Experiment 9. — Repeat this experiment, but first remove 
the wire attached to the rubber. The sparks will gradually 
decrease in strength until they nearly cease. This shows the 
necessity of the wire for the purpose of keeping up the pro- 
duction of electricity. Some recommend brass chain ; but 
after long experience, we decidedly prefer wii-e, as supplying the 
most certain conductor. 

Experiment 10. — Instead of the knuckle, present a dry glass 
rod : you will find that sparks will not pass. The same will 
happen if a rod of sealing-wax, gutta-percha, resin, or sulphur 
is used. These substances are therefore called non-conductors 
of electricity, because they do not all6w it to pass over their 
surface. Metals and many other substances and liquids, are 
called conductors because the electric force is easily conveyed 
by them. All bodies are thus divided, electrically speakmg, 
into these two classes. 

Experiment 11.-^ Paste in a straight line on a piece of 
window-glass some small pieces of tinfoil, of about the size of 
a pea each, leaving between each of them a space of about the 
1-1 6th of an inch, or less; attach to each end of the glass a strip 
of foil, and connect one of these ends to the earth or a gas-pipe, 
by means of a wire. Present the other end to within half an 
inch of the conductor of the machine. Sparks will now pass 
between each piece of foil, over the glass surface, but none 
will be seen on the foil, because the tin is a good conductor. 
A small metal knob should be fixed on the glass-plate at the end 
next to the conductor. (See figs. 5 and 6.) 

Experiment 12. — Instead of window-glass, use coloured 
glass, on which paste the tinfoil. The spark will appear of the 
colour of the glass used, if viewed through it. 

Experiment 13. — ^Thread on a piece of silk some beads of 
S^Iass, and steel or brass, in the order of glass and metal alter- 
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nately. To one end tie a brass ball, and to the other a wire 
reaching to the ground. Present, by means of a glass rod, the 

n 




Fig. 6. 



Fig. 6. 



knob to a little distance from the conductor ; a spark will pass 
through the whole length of the thread, broken at each glass 
bead. 

Experiment 14. — Brass balls are much used by the elec- 
trician ; their effect is to condense the spark. Instead of brass, 
small balls may be made of cork, covered with tinfoil. These 
answer very well, and a few should be kept ready. They are 
easily fixed on any object such as glass, &c., by means of a sHt 
in the side. 

Experiment 15. — Hold a brass ball near the conductor, and 
a spark will pass, as in Experiment 8. Instead of a ball, 
present a pointed wire. No spark will now be observed, but 
instead of this, you will see a peculiar appearance, called the 
electrical brush, as represented in ^g, 7. 




The effect of points is to disperse electricity, and for that 
reason, all surfaces of electrical apparatus are carefully rounded 
and polished. Lightning conductors are always made with 
aha/rp points, their object being the reverse of that we have 
ju»t spoken o£ 

Experiment 16. — Place on the conductor a piece of ^g»ss^ 

15. 
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turf. On presenting the knuckle, you will obtain no spark 
firom the machine, owing to the difiusive power of the points of 
the grass. Any other pointed body will produce the same 
effect^ if fixed to the conductor. 

The edges of leaves and the tops of trees thus afford dif^sive 
points to electricity during a thunderstorm. Owing to this, 
and to the conducting power of the solid trunks of trees, their 
vicinity is a most dangerous place. Many persons have lost 
their lives during storms, by taking shelter under tall trees. 
It is fer safer either to walk on in the middle of the road, or to 
sit, or still better, to lay down imtil the storm is past The 
same objection exists against the use of an umbrella in such 
circumstances. 

Experiment 17. — The Electrical Windmill, — Twist two 
wires with pointed ends together, so as 
to form an arrangement of this shape (fig. 
8), and pass the point of a pin through 
a hole at the centre, so that the wires 
can easily turn round on the pin. The 
point of the pin should now be fixed, by 
means of a little bees' -wax, to the con- 
ductor of the machine. On turning the 
handle, the wires will commence to 
revolve, and present a little brush of 
t ig. 8. flame at their points. 

Experiment 18. — Aurora Borealis. — For this experiment an 
air-pump is required, and in the top of the receiver a brass plate 
is placed, through which a rod moves to and fro in an air-tight 
collar. The conductor of the machine is now attached by a wire 
to the ring at the top of the brass rod, and the plate of the air- 
pump to a gas or water-pipe. (See Experiment 9.) The rod 
should be drawn to the top of the inside of the i-eceiver, and the 
air-pump worked until a good vacuum is produced inside. On 
now working the electrical machine, a beautiful long flame of a 
purple tint will pass through the whole length of tie receiver, 
exactly resembling the aurora borealis. In fiict, it is thought 
by philosophers that that splendid phenomenon of nature is pro- 
duced by electrical discharges through the air at great altitudes, 
where the atmosphere has not so great a density as even that 
of the veiy slight quantity still remaining in the air-pump 
receiver. Fig. 9 will give you an idea of the entii*e arrange- 
ment 

Experiment 19. — ^The experiment may be tried in another 
way, by sealing a platina wire two inches long in the end of a 
glaaa tube^ thirty-six inches long. The tube is now to be filled 
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with merciiry, and by keeping the finger on the open end, 
immerse it in a cup containing more mercury ; remove the 




Fig. 9. 



finger, and about six inches of the metal will run out, leaving a 
vacuum at the upper part of the tube. Support the tube by 
any convenient means, in an upright position, and connect the 
platina wire with the conductor, as in the last experiment. On 
working the machine, a bluish-coloured flame will pass between 
the platina wire and the mercury. The latter should be con- 
nected with the gas-pipe, as before directed. 

Experiment 20. — Place a wire pointed at the end on the 
conductor, and whilst the machine is in action, present to it the 
flame of a candla The flame will be blown away ; and if the 
hand or fetce is held near the pointy a distinct draught of air will 
be perceived. 

Experiment 21. — Make an electrical stool, by cementing four 
stout bottles into a piece of wood that has been baked in an 
oven ; the wood may be an inch thick and twelve inches square. 
The object of the glass bottles is that they may serve as legs. 
These stools are generally made by cementing glass rods in the 
place of bottles, but either will do. The cement is composed of 
two parts of bottle-wax with one of bees*-wax, melted together. 
On the top of the stool place a sheet of gutta-percha, to make 
the insulation more complete. Now let a Mend stand on the 
stool, and connect him to the machine by means of a wire ; 
if you present youi* knuckle to any part of his body, you may 
obtain a spark from him if the machine is in good action. 

Experiment 22. — ^Hold a teaspoonfiil of ether within half 
an inch of a brass ball which the person on the stool must hold 
in his hand. The ether will be at once ignited. 

Experiment 23. — ^Let your Mend comb his hair ^\^\!iaE^ 
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standing on the stool in connexion with the machine. Every 
hair will be separated by what is called electrical repulsion. 
Experiment 24. — Place a doll's head of hair on the con- 
ductor of the machine. The hair will 
all stand on end while the machine 
is being worked, in the way repre- 
sented in %. 10. 

Experiment 25. — Cut a number of 
strips of tissue paper, about a quarter 
of an inch wide and six inches long. 
Fix them on a wire, and place the 
whole on the conductor of the machine. 
The paper will all separate as the hair 
did in the last experiment. 

Experiment 26. — Present the 
knuckle or a brass knob held in the 
hand to either \he hair (Experiment 
24) or the paper in the last experi- 
ment, and either will at once collapse, owing to the escape of 
the electricity to the eartL 

Experiment 27. — Obtain two pieces of pith, cut out jBx)m 
the inside of a branch of the elder-tree, and hang each of these 
to a thread from the conductor. They will immediately diverge, 
as in fig. 11, at p and n. 




Fig. 10. 




Fig. 11. 

Experiment 28. — ^Electrometers or electricity measurers, and 
electi-oscopes or instruments for showing the presence of free 
electricity, are made by enclosing two strips of gold-leaf inside 
of a glass bottle. A wide-mouth bottle holding half a pint will 
do (see ^g. 12, b) : on opposite sides of the inside two pieces 
of tinfoil, a quarter of an inch wide, are pasted, as D D. 
Have a small tin lid made to fit the top of the bottle, as 
Mt A J and to this fix, by a little gum water, two pieces 
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of gold-leaf, half an incli wide and two inclies ^ 

long, aa c c. The leaves of gold are to hang 
perpendicularly inside of the bottle, and may 
be fixed by means of a strip of tinfoil to the 
inside of the lid. When not in use, the gold 
slips will hang down in a straight line. 

Experiment 29. — Bring near to the lid a 
glass tube which has been rubbed with a silk 
handkerchief; the leaves will immediately sepa- 
rate, as seen in fig. 12. In use, it is necessary 
that the bottle should be diy and slightly warm. 
This arrangement has been called the gold- ^^' '"" 
leaf electroscope. ^* 

Experiment 30. — ^Whilst the gold-leaves are thus separated, 
bring near to the tin cover a roll of sealing-wax, excited by 
rubbing it against the coat-sleeve or by a fiannel. The gold- 
leaves, instead of keeping apart, will instantly fall together 
again, owing to the wax presenting a different class of electricity 
to that of the glass. 

Our young friends must bear this fact in mind, because in aU 
our electrical experiments the different parts of our apparatus 
assume one or other of these two electrical states, and it is by 
disturbing electricity by friction or otherwise that we produce 
those opposite conditions which are called negative and positive. 

The electricity in the above experiment obtained by rubbing 
the wax is negative ; that obtained by rubbing glass is positive ; 
and the reason of the leaves coming together again in our last 
experiment was simply that the negative electricity of the wax 
neutralized the positive of the glass, and thus a state was pro- 
duced in which electricity of neither kind was evident. This 
result is termed by electricians " the restoration of the electric 
equilibrium." 

We shall not trouble you with the question as to whether 
there are two sorts of electricity, or only one in a plus or minus 
state, as was advocated by Franklin. If you will only bear 
in mind what we have said, you will be in no gi'eat difficulty 
in the use of these terms when reading works on electrical 
science. 

Again, two bodies similarly electrified repel each other. Thus 
the hair, the paper shavings, &c., in our Experiments 23, 24, and 
25, were similarly electnfied, and therefore showed the effect 
called electrical repulsion. In some of our following experi- 
ments the reverse will take place ; and we shall, by arranging 
bodies in different electrical states, produce what is called 
electriccU attraction, besides the effect of repulfiion. 
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Experiment 31. — Hang from the conductor of the machine 
a smaU piece of tin-plate, and under this at two inches' distance 
place another tin-plate, connected with the ground ; on the 
lower plate a few small pieces of elder pith (see Experiment 27) 
may be placed. On turning the handle of the machine, the 
pieces will dart up from the negative to the positive plate, and 
again idling when electrified, will be attracted towards the 
negative plate again. 

Experiment 32. — Daincvng Bolls. — Cut some figures, in the 
shape of men, &c., and use these instead of the pith balls. They 
will dance up and down so long as the handle of the machine is 
turned. Fig. 13 represents the appamtus generally used for 




Eig. 13. 

the purpose. Take care that the edges of your tin-plates are 
smooth, for the reasons we named in Experiment 15. 

Experiment 33. — Ths Electrical Pendulwm. — Hang, by means 
of a silk thread, a small pith ball between the conductor and 
a knob opposite to it, and connected with the ground. On 
turning the handle, the pith ball will commence to oscillate 
between the conductor and the knob. They may be two or 
more inches apart 

Experiment 34. — Electrical Bells, — The scientific instrument 

makers have an arrangement by which electricity may 

be made to ring bells. These are hung from a rod, and 

between them are clappers, which, when connected to the 

machine, strike the bells, and so produce a continual ringing by 
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Fig. 14. 



alternate attraction and repulsion. Fig. 14 illustrates the 
most usual form of this arrangement. 

Experiment 35. — A vast variety 
of experiments may thus be made 
by these means, — see-saws, swing- 
boats, (fee. We name these only, 
and leave our young Mends to their 
own ingenuity in extending the ex- 
amples we have afforded. They will 
be easily able to do this by bearing 
the principles in mind to which our 
experiments have had reference. 

The Leyden Jar, — ^In all our pre- 
vious experiments we have allowed 
the electncity produced to pass off in 
the shape of sparks. We shall now 
describe the means used for the pur- 
pose of producing great mechanical, 
heating, and other effects. By means of a Leyden jar of large 
size we can even imitate thunder and lightning, and destroy, 
ignite, and melt a large variety of objects with great ease. 

The Leyden jar is so called from its use having been dis- 
covered in a town of that name in Germany. One of its dis- 
covei'ers, M. Muschenbroeck, had a most unexpected introduction 
to its effects, by a powerful shock which he received, and which 
so terrified him that he said he would not take another shock 
for the whole kingdom of France. Our young friends need be 
under no such alarm, as we have repeatedly given and taken 
shocks of much greater force than that gentleman received ; and 
the only result we have observed has been the laughter of our 
friends at the ugly fsu^e we made, and the sensation of a 
momentary pain on our own part 

Experiment 36. — To make a Leyden Ja/r, — Half fill a thin, 
round, white glass medicine bottle, holding about half a pint, 
with clean iron or bi*a^ filings, and to the end of a wire, long 
enough to reach to the bottom of the glass and to project three 
inches above its neck, fix a cork neatly covered with tinfoil ; 
this wire should be forced into the iron filings, and the cork 
should be so covered with tinfoil that the foil may completely 
touch the wire with which it is connected. Outside of the jar 
paste some tinfoil half-way up and all round the bottle ; the jar 
will then appear as in fig. 15. 

The above will form a neat and efficient single Leyden jar, 
and if our reader makes six of these, and connects all their 
knobs together by a wire, and all their outsides by aiLOtb&x ^^rs^ 
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touching the tinfoil of each, he will form what i6 called the 




Fig. 15. 

Leyden battery, an arrangement which will be required for 
some of our experiments. 

Another mode of making these is by lining the inside and 
outside of a wide-mouth jar with tinfoil, and instead of the 
wire, cork, and tinfoil knob, a wire and chain, a neck of wood, and 
a brass ball are used. Either form will do, but our young Mends 
will find the one we have described can be made for sixpence, 
whilst those of the same size sold in the shops would cost seven 
times as much. Fig. 16 represents a Leyden battery. 




Fig. 16. 

You will require another instmment, called a discharger. 
This is easily made by bending a piece of thick brass wire into 
a curved form, and at each end must be either a brass or tin- 
foil knob. In the middle, fix a gutta-percha tube, eight inches 
long, to serve as a handle. Fig. 15 at once explains the con- 
strucidon of this instrument, where it is marked a, 6, c. 
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Experiment 37. — To cha/rge a Leyden Ja/r, — Present the ball 
to within half an inch of the conductor of the machine, whilst an 
assistant turns the handle. The outside of the jar may be held 
in the hand, and a wire from a gas-pipe should be held in 
contact with it. Sparks will pass from tiie machine, gradually 
diminishing in number and noise. Do not hold the knob too 
long to the conductor, as you may overchai*ge the jar, and 
it will perhaps discharge itself, and may even be broken. An 
inspection of fig. 17 will enable you to underatand the proper 
mode of conducting this experiment. 




Take care that the jar is dry, warm, and free from dust, and 
do not let the hand extend beyond the tinfoil cover whilst you 
are charging. 

Experiment 38. — To discharge a Jar. — Place one ball of the 
discharger (see Eicperiment 36) on the outside tinfoil coating of 
the jar, and bring the other ball near to the ball of the jar. 
A bright s^ark will pass, a loud noise will be heard at the 
same time, and the jar will be thus discharged. Fig. 15 illus- 
trates the plan here explained. 

Experiment 39. — To obtain a Shock from a Cha/rged Jwr. — 
Instead of the discharger, place one hand on the tinfoil cover- 
ing, and bring the other to the ball of the jar. Just as the 
hand touches the knob, a strong shock will be felt across the 
chest and arms. It is better to touch both the outside and 
ball with a wire held in the hands, as the shock may cause you 
to drop the jar if you were holding it. 

Experiment 40. — To give a Shock to a number of Persons. — 
Let them all join hands, and to the first give a wire, which 
you have already attached to the outside of the jar. Place 
another wire in the hands of the last person, and attach this 
one to the brass wire of your discharger. Now bim"^ \Jaft \»Sl 
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of the discharger into contact with the ball of your charged jar. 
Every one will experience a shock at the same moment, wlulst 
you will escape by holding the gutta-percha handle. 

Fig. 18 illustrates the best mode of giving an electric shock 
to a number of persons. 




Fig. 18. 

Do not bring both balls of the discharger into contact with 
the jar, inasmuch as the circuit must be completed through 
the bodies of those receiving the shock. 

Experiment 41. — A jar cannot l)e charged when insulated, or 
unless its outside is in connexion with the eartL Place a jar 
on the glass-legged stool (see Experiment 21), and then bring 
its knob near the conductor. After working the machine for 
some time apply the discharger, as in Experiment 38, and 
you will get no spark. Now connect the outside of the jar 
with the earth, and again work the machine. You will find 
that the charge enters the jar now, as before in Experiment 37, 
and may be (fischarged afterwards in the usual manner. 

Experiment 42. — To charge a Jar by means of the Eleciro- 
phorua, — Having excited the resin-plate by means of a dry, 
warm flannel, place on it the metal cover, holding it by the 
handle. Touch the top of the cover, and now present its edge 
to the knob of the Leyden jar. Repeat this process a few times, 
omitting only the rubbing of the resin with the flannel, and 
the jar will be charged. (See fig. 19.) 

This forms a very simple way of obtaining shocks, and at 

the same time at little cost, as the electrophorus, already 

described, and the jar, together need not cost more than two or 

three shillings, and by being kept dry and free from dust they 

are always ready for use. 
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Experiment 43. — Discharge a jar through a brass or iron 
chain. If the chain is made a few feet in length, and attached 




Fig. 19. 

to the earth at one end and to the brass knob of the discharger 
at the other, on being presented to the jar a beautiful series of 
sparks will be produced at every break between the metals. 

Experiment 44. — The Thunder House, — Construct a small 
cottage, in wood, tm, or zinc, through the top of which pass a 
brass wire, divided in the middle of the housa The upper end 
of the wire should be fitted with a bi-ass ball, and the lower 
end connected with the earth. You must prevent the upper 
wire from touching the material of the house, by enclosing it in 
a glass tube. Attach to the end of the earth-wire, and about a 
quarter of an inch imder the upper one, a small cup, into which 
ether is to be poured. On connecting the lower wire with the 
outside of a charged jar, and bringing the end of the discharg- 
ing-rod in contact with the upper wire and the knob of the jar, 
the discharge will take place, and set fire to the ether in the 
bouse. 

Experiment 45. — Instead of the brass ball mentioned in the 
last arrangement, make the top of the wire pointed. You will 
now not succeed in infiaming the ether in the cup, because the 
point will diffuse and allow the whole of the electricity to 
pass off. 

Experiment 46. — Keplace the brass ball, and allow the upper 
wire to rest on the cup, so as to make a continuous con- 
nexion with the outside and inside of the jar during the 
discharge. If you now fill the cup with ether, and discharge 
the jar, you will find that the ether will not ignite, owing to the 
conducting-wire being continuous. It is on this principle that 
lightning-oonductoi-s are constructed. 
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LIGHTNING CONDUCTORS. 



Our young friends, on carefully i*epeating these experi- 
ments, which we have intentionally arranged in the above order, 
will be enabled at once to understand the use of what are termed 
lightning-conductors. In Experiment 44 we observe, that if the 
conducting-wires were divided, the ether was ignited. In our 
last, we found that on making a corUinuoua conductor, the 
whole of the force passed off without producing the least effect 
The very same result is observed in daily life. If a church- 
steeple, a tall chimney, or the masts of a ship, are thus provided 
with conductors, which are either iron or copper rods, half an 
inch thick, and pointed at the upper end, and buried in the earth 
at the lower extremity, the most severe thunderstorms pass 
over places so protected without doing the least harm. 

We are indebted to Franklin for many valuable discoveries 
in electrical science ; in fact, we may almost call him its Neither. 
But we must not forget here another eminent man, Sir W. 
Snow Harris, who has, by applying conductors to ship's masts, 
been the means of saving the lives of perhaps thousands of our 
brave seamen. 

The electrical kite may be here mentioned. Franklin was 
enabled, by means of a common kite, to prove that electricity 
was the cause of thunder and lightning, and lately Mr. Crosse, 
of Broomfield, near Taunton, has erected a large number of iron 
rods, and by means of these he has been enabled to bring 
a thunderstorm into his house, and to witness the most 
fearfiil effects of large quantities of electricity. These experi- 
ments are of the most dangerous kind, and one gentleman, 
in repeating some of them, was killed instantaneously. We 
conclude our remarks on this subject by warning you of the 
danger of flying even common lates in cloudy weather, for, 
although the string employed may be a bad conductor, still, 
if it is wetted by rain, its conducting power is greatly increased, 
and it may, thereby, become a source of great danger to you, 
and even possibly result in death. The writer once received a 
severe shock whilst electrical kite-flying in comparatively 
safe circumstances ; and thus warns his young friends to refrain 
frx>m such dangerous attempts. 



EXPERIMENTS WITH THE ELECTRIC BATTERY. 

As we have just alluded to the effect of lightning, we shall 
instruct you how to produce the same results on the small scale 
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by means of a number of jars combined together. Of course 
the length and thickness of the wire, &c., melted and destroyed, 
will depend upon the size of the Leyden jars you employ. We 
shall suppose that you have combined together six ; each being 
about eight inches high, and four in diameter. Take care that 
every part is perfectly clean, dry, and slightly warmed. All 
their outsides are connected together by means of tinfoil or 
wire, and joined to the earth by another wire, and all their 
insides must be joined by twisting one wire round each, just 
underneath their brass knobs. 

In fact, this battery arrangement amounts to nothing more 
than making six jars, electrically speaking, equal in size to one 
jar, presenting an equal capacity. You may connect a number 
of these batteries, and sp increase the effect providing your 
electrical machine is large enough to charge them all. 

Experiment 47. — Connect six jars together, and attach to 
the end of one a wire ending in a brass knob placed close to the 
conductor of the machine ; and having joined all the outsides 
of the jars together, let the wire extend to the earth. When 
charged, discharge them by means of a discharging-rod as before 
explained. The spark and noise produced wil be much more 
powerful than that from a single jar. 

Experiment 48. — Draw a line by means of a quill pen, 
filled with gum- water, on a sheet of white paper. On this, 
spread some gold, silver, and Dutch-metal leaf, in separate lines, 
at two inches apart each. (See fig. 20.) 




Fig. 20. 



Let this paper be well dried at the fire, then brush off the 
superfluous metal-leaf, and pin at its foiir comers the sheet of 
paper, on a dry piece of pasteboard. Now connect the wire 
fix>m the outside of the battery with one end of the gold-leaf, 
and place a brass ball on the other end of the leaf When the 
battery is charged, attach a wire from its outside to one end of 
the leaf^ and by means of the discharger, connect the inside of 
the battery with the brass baU. A bright spark will pass, and 
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the whole of the gold-leaf will be destroyed with a loud 
report. Proceed with the remaining leaves in the same way, 
and observe the difference of the colour of the light produced 
and the marks made on the paper. 

This illustrates a common occurrence to persons stiTick by 
lightning. In such cases, metals, siich as coin and watches, 
have their edges fused without setting fire to the pockets which 
contain them ; and in our experiment, the paper will be deeply 
stained by the oxide of the metals, and yet will not be ignited, 
although an intense heat has been produced. 

Experiment 49. — To ignite Gunpowder,— 'P]&ce on a plate a 
little gunpowder, and on each side of it and touching it^ ^ 
two wires ; one of these wii'es attach to the outside of the 
battery ; to the other tie an inch or two of wet string, the other 
end of which is attached to the discharging-rod. When the 
battery is charged, present the other end of the discharging-rod 




Fig. 21. 

to the knob of the battery, and the gunpowder in the plate will 
inflame. (See fig. 21.) 

Experiment 50. — Replace the wet string in the last experi- 
ment, by fixing a metal wire to the discharger, and so forming 
a continuous connexion. The powder on the plate will be 
thrown about, but not inflamed. The object of the string is thus 
to check the electricity in its flow, and so to educe its heatings 
instead of its mechanical, effects. 

Experiment 51. — To hreoJc Glass cmd to drive Gold-leaf into it, 

— For this purpose you will require two pieces of thin window- 

^lass carefully cleaned and dried. Through their length stretch 
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a piece of gold-leaf, an eighth of an inch wide, and tie the pieces 
of glass together by means of silk thread. Let the leaf 
stretch half an inch beyond the ends of the glasses, which, 
for your size of battery, may be four inches long and an inch 
wide. Attach one end of the leaf to the outside of the battery, 
and on the other place a small brass ball, and let the whole rest 
on two dry glass tumblers, as represented in fig. 22. Now connect 




Fig. 22. 



the brass ball by means of the discharger with the charged 
battery ; a powerful explosion will take place. The glass is 
generally broken in pieces and the leaf driven into its pores, 
forming at times a very pretty appearance. Take care that the 
glass does not fly into the eye or face, as it is broken into very 
sharp pieces, and thus is very dangerous. This experiment is 
generally tried on a stand made for the purpose ; but this is an 
expensive piece of apparatus, and our plan will succeed well if 
proper care is taken. A modification of this electrical press we 
shall explain under the head of Voltaic Electricity. 

Experiment 53. — To light a Gas Lamp, — ^Attach the jet to 
the outside of the battery, and bring one knob of the discharger 
in contact with the inside of the battery, whilst its further knob 
is held within a quarter of an inch of the gas-jet. If the gas is 
escaping, it will be immediately lit by the spark. 

Experiment 53. — ^A candle newly blown out, a piece of phos- 
phorus, ether, &c., may easily be set on fire by sinular means. 

Experiment 54. — Stretch a very fine piece of iron wire 
between two pieces of glass tube. One end of the wire is to be 
connected with the outside of the battery ; and a brass ball 
placed on the other tube touching the fine wire. Now bring 
the dischaiging-rod to the brass ball, so as to cause the c\ucx^\:^ 
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to pass through the wire from the battery. The wire will be 
melted into globules. Wire for this purpose may be obtained of 
any watchmaker. 

Experiment 55. — Lwminoua Eggs. — String foui* eggs^ frt)m 
which you have taken out the contents, on to a chain formed of 
alternate links of copper wire and silk thread. This is done by 

passing a piece of wire through each 
end of the shell, and &»tening the 
wires together by means of a silk 
thread, leaving about a quarter of 
"^"^S^""^ ^ ^^ ^^ between each wire inside 

If J^ ■ the shell ; arrange all the egg-shells 

thus, and attach the last wire to the 
outside of the Leyden jar. Now 
by means of the discharger send a 
charge through the wires and shells. 
Each will become luminous, and 
they will present one of the prettiest 
experiments in electrical science. 
If your machine is a powerful one, 
you may hang the string to the coh- 
p. 29 ductor, attaching the lower wire to 

^' ' the earth. The illumination will 

continue so long as the machine is in action. Fig. 23 repre- 
sents the arrangement. 

Experiment b^.-r—The Diamond Leyden Jar. — ^Instead of 
making the inside and outside coatings of the Leyden jar con- 
tinuous, form them of pieces cut into a diamond shape, and 
separated to a short distance from each other. When the jar is 
charged and dischaxged, flashes of light will pass between every 
interval of the pieces of tinfoil, presenting a brilliant appearance. 

In the foregoing experiments we have endeavoured to intro- 
duce those most likely to acquaint you with the leading characters 
of electricity obtained by friction, and have thus considered 
the spark, electrical attraction and repulsion, together with 
the accumulation of electricity by means of the Leyden jar and 
battery. We might easily have mentioned many more experi- 
ments, but as a considerable quantity of apparatus would be 
required to carry them out, we have refrained from so doiug. 

Before concluding our remarks on this branch of electrical 
science, we will give you some description of a very singular form 
of electrical machine, by means of which we are enabled to 
obtain an immense amount of electricity from steam. 
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THE HYDRO-ELECTRIC MACHINE. 

The largest instrument of this kind yet constructed is that in 
the IxHidon Polytechnic, Regent Street. Having often experi- 
mented with it in electrical lectures at that institution, we will 
endeavour to give you an idea of its construction and of the 
effects it produces, referring you to the head-piece of this sec- 
tion (page 89) in which 

A A represent the boiler, which is six feet long and three 
feet in diameter. The j^imace is placed in the centre of the 
boiler. 

B B are six glass legs on which the boiler stands. 

C is a square box into which the steam rushes when the 
machine is in action. This is furnished with a large number of 
metallic points. 

D D are two handles by which the steam is turned into the 
bent pipe on the top of the boiler. 

T is a row of forty-six bent pipes, each of whose ends is 
.formed of a piece of partridge wood, constructed very much like 
the shape of the common bat's-wing gas-burner. Through these 
pipes the steam in passing is partly condensed, and the water 
thus foimed produces electricity by its friction against the wood 
jets just mentioned. 

The pressure of steam we usually employed was ninety pounds 
an the square incL We have tried it with from sixty to one 
hundred and twenty pounds' pressure, but have always found, 
that of ninety pounds gave the best effect 

The spark produced on a dry cold night, especially during 
frosty weather, is jfrom eighteen inches to two feet long, and 
apparently an inch wide. Its colour is a deep blue, and, like a 
flash of lightning, it rushes through the air in a zigzag form. 

The spark may be sent over a chain of alternate pieces of tin* 
foil and glass beads through a length of over 100 feet^ every 
break in the chain giving a separate spark. 

The experiments with eggs, tinfoil, spots on glass, and others 
we have described in om* previous pages, are effected in the 
most brilliant manner. 

A Leyden jar two feet high and four feet in circimiference 
can be made to charge and discharge itself many times in the 
course of a minute. The spark is very vivid, and the noise 
most deafening. 

By means of a Leyden battery of twenty-four jars of the 
above size, we have melted and dispersed five metal wires nearly 
two feet long, and the experiment of breaking glas& ^\x$2n«^i^ 

\ 
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with pieces eighteen inches long, and having slips of gold-leaf 
between them of an inch in width. 

The above results will give you an idea of the enormous 
power of this machine. 

We should here mention that the two largest glass plate- 
machines yet made are, one at the Polytechnic, whose plate is 
seven feet in diameter, and the other of ten feet in diameter, 
which was some years ago in daily use at the Panopticon, 
Leicester-square. Neither of these, however, gave any effects 
equal to those we have described as produced by the hydro- 
electrical machine ; and we may add that a spark two inches 
long from the latter instrument was sufficient to knock down 
the person receiving it. 

In concluding our remarks on frictional electricity, we must 
call your attention to the feet tihat some kind of fishes are able 
to give powerftd electric shocks. One of the best known of 
these is the Gymnotus, of which we append an engraving, 
showing the nerves, &c., by which the electricity is produced. 
One of these was exhibited some years ago at the Pol3rtechnic, 
Regent-street. 

Fig. 24. 




SECTION OF THE GTlfNOTUS. 



In the above, a represents the head ; b, the cavity of the 
body j d dy the ventral fin ; e e, the skin ; f f, the muscles of 
the fin ; ^ ^, the electrical organ ; and h hy the smaller organ. 
We thus observe that electricity is to be obtained &om every 
imaginable source. 
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No bmncli of eKi>ermiental science has 
made ^uch rapid progresa during the pT^ 
sent centuiy as tJiat of Yoltaic or Gal- 
vanic electricity ; anil Galvani and Yolta, 
th« two electiiciana to whoai we are in- 
debted for this new mode of obtaining 
electric force, and from whose name the 
science has been called, would be asto- 
nished if they were now to observe the extensive application of 
the voltaic battery, employed as it is from the plating of our 
household utensils to the conveyance of our thoughts instan- 
taneously to the very ends of the earth. 

In dealing with this interesting subject, we shall first describe 
the mode of constructing voltaic batteries. We shall then 
mention the various effects produced by them, including those 
of heat, light, and magnetism. We shall also explam the 
chemical effects of the current of electricity, and give you full 
directions for purstdng ilie process of electrotyping, plating, 
and gilding. 

TWs branch of science seems to have ImA \\a onJgiXi Vbl «!dl 
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accident The story usually told is, that Galvani, being 
engaged in electrical experiments, noticed that the legs of a 
frog were agitated on being touched by two different metals 
when in contact This seems to have led to the idea of 
employing two metals, with the addition of a fluid, as a means 
of procuring electricity. 

Accidents of this sort happen to every student of science, but 
it is only from those who are possessed of an acute power of 
observation that we obtain valuable results. Thousands of 
apples have Allien in the course of time, but it required the 
penetration and obsei*vant genius of a Newton to deduce a 
knowledge of a great law of nature from one of the most 
common of natural occurrences. 

We shall proceed to describe the construction of a small 
battery, and also of one which will enable our young friends to 
try all the experiments in connexion with this £Eiscinating and 
brilliant science. We sliall not require expensive apparatus ; in 
hct, by attending to our instructions, you may make nearly all 
the apparatus you require yourselE 

Experiment 1. — By {facing a piece of zinc and silver on 
either side of the tongue, and causing them to touch, a peculiar 
sensation is produced. Extending this simple arrangement^ and 
substituting a little acid and water for the moisture of the 
tongue, we can form a battery which will give off a considerable 
amount of electricity. 

Take a piece of zinc, say six inches long and an inch wide, 
amalgamate it by rubbing over it a little mercury and some acid 
and water, till it assumes a highly polished appearance, and then 
place it in a tumbler filled with water, to which you have added 
a little sulphuric acid. TThe mercury will prevent the action of 
the acid on the zinc. Now dip into the same glass a piece of 
copper or silver of the same size ; the whole will remain without 
action. If, however, you bring together the top or bottom 
edges of the two metals, the water will be immediately decom- 
posed. Hydrogen gas will pass from the copper or silver sur- 
face, and at the same time a galvanic battery producing electri- 
city will be formed. 

Experiment 2. — ^You may vary the experiment by twisting 
round or soldering -on each plate a piece of copper wire. No 
action takes place till the wires frt)m each plate touch each 
other, and then a current of electricity passes from the zinc, 
through the water, to the copper, and back to the zinc, by 
means of the joined wire, as indicated by the arrow in the ne3ct 
engraving, fig. 1, where c represents the copper, z the zinc 
plate, and ta the wire connecting the wire. 
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We do not use a strictly philosophical expression by saying 
** a current of electricity passes, &c. j" but as no inconvenience 




Fig. 1. 
f 
results therefirom, and as great facility arises from using these 
terms, we shall employ them in all our future remarks, leaving 
our young friends to arrive at more accurate ideas, when they 
become advanced students. We have been sometimes asked in 
our lectures to break the wire coming fix)m the batteries, so 
that persons might see the " electric fluid " run through them. 
In fa<5t, some people seem to have the idea that electricity is, 
like gas and water, conveyed in pipes ; but our young Mends 
will bear in mind that these phrases are used for the sake of 
simplicity, and their experiments will soon correct erroneous 
impressions arising from the use of incorrect terms. 

Experiment 3. — ^The effect of the electricity thus produced 
may be made evident by placing the ends of the wire on each 
side of the tongue. The same sensation will be observed as 
that named in Experiment 1. 

The arrangement in Experiment 2 is called a cM of the 
voltaic battery, and the plates are thus named : — 

The zinc plate is called the positive plate. 
• The copper plate is called the negative plate. 

The ends of the wires acquire opposite electrical states, and 
have different names to the plates, from which they proceed 
thus — 

The extreme end of the wire from the zinc is called negative. 

The extreme end of the wire from the copper is called positive, 
these ends being termed foles. 

We content ourselves here with naming these, and shall give 
oior reasons when we introduce chemical experiments with the 
battery. 
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GALVANIC BATTERIES. 



ExPERiHEin? 4. — We shall now give instructions as to the 
construction of different galvanic batteiies, beginning with the 
Pile. To make one of these, obtain &om the tin-smith twenty 
pieces each of copper and zinc, and cut up twenty pieces of 
flannel or brown paper. The thickness is of no consequence, 
but the size of each of the plates and paper should be about 
two inches square. 

Amalgamate the zincs only by proceeding as in Experiment 1. 
You may then dip the pieces of flannel or brown paper in some 
water, to which one-tenth part in bulk of sulphuric acid has 
been added. As soon as these are thoroughly wet, press them 
together until all the water is removed that will drain off, and 
proceed to the consti-uction of the pila , 

On a piece of wood place, first a zinc plate, to which you have 
soldered or fixed a thin copper wire, say a foot long ; on the 
zinc place a piece of copper, then a piece of wet paper, then 
zinc, copper, paper, and so on until the whole of the pieces are 
piled up in the order we name. Take care to have one piece 
of copper left at the top, and to this a wire should be soldered. 
Fig. 2 illustrates one of these piles, in 
which the letters represent the succes- 
sive arrangement of the metals and 
cloth. We only exhibit eight sets of 
the series, which, however, is quite 
sufficient for the purpose of showing its 
construction. 

Experiment 5. — On bringing the two 
wires together, and then separating 
them, you will observe a bright spark 
pass ; and i^ instead of twenty pieces, 
you employ about fifty, you will expe- 
rience a smart shock on holding the two 
wires in your hands, if they have been 
previously wetted with a little salt and 
water. 

To keep the pile from falling, you can 
easily fix two or three sticks in the wooden foot. But as this is 
an inconvenient foim of arrangement, we only introduce it for 
the purpose of showing you the sort of battery first used, and 
as a very cheap mode of starting your experiments in the science. 
The whole afiSui* need not cost above two shillings, as old copper 
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and zinc, cut into pieces, and cleaned by sand-paper before use, 
will answer the purpose. 

The next improvement effected was to solder the plates of 
fine and copper together, and to fix them hj means of cement 
in a long wooden box. Dr. Wollaston increased the power of 
the battery by doubling the sheet of copper round ike zinc. 
Acid and . water were used round the plates, instead of the 
wetted paper employed in the pile, and the plates were hung 
in a trough containing the exciting liquid. One of these ar- 
rangements is represented in ^g. 3. 

Dr. Daniell, of Kling's College, London, invented an excellent 
arrangement, which has the advantage of being constant in 
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Fig. 3. 

its action. The pile and other such batteries begin to loso 
their power almost immediately after being set in action, 
whereas the constant battery will last for hours, and give off 
a continuous and equal supply of electricity. As we consider 
this one of the best forms of battery for electrotyping, we 
shall instruct our young friends how to make one which will 
serve well for that purposa 

Experiment 6. — Procure a piece of sheet copper, ten inches 
long and six inches wide, and at one end have soldered a 
wire, about eighteen inches long — common bell-wire will do. 

The copper is now to be bent round, to form a cylinder, 
six inches high and three inches in diameter. Place this in 
a stone or glass pot of the same height. Inside the copper 
<^linder place a porous pot, six inches high and about an inch 
and a half in diameter. If you cannot obtain one of these 
(they are sold in eveiy one of our large towns foic ^zii^T^^a^ 
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each), roll round a roller two folds of stiff brown paper ; into 
the end of the cylinder so formed tie a cork, so as to make 
one end water-tight^ and to prevent the paper opening ont ; 
cement the edge with a very narrow strip of melted oobbler*s 
wax. Into this porous pot a piece of zinc seven inches long 
iMid one wide must be placed, to which a wire eighteen inches 
long has been soldered. The zinc must be amalgamated. 
(See Experiment 1.) 

. Fig. 4 represents a similar arrangement, with the exception 
that the copper is made to hold the liquid instead of using an 
outer pot for that purpose. 

Fig. 4. 




G is the copper vessel, to which B, a luidiiig-screw, is attached. 
D ia the porous tabe, and Z is a zinc rod suspended inside the porous 
potD. 

To charge this battery, a strong solution of sulphate of 
copper in water, to which has been added l-8th of its bulk 
of sulphuric acid, must be poured into the outer pot r^ext the 
copper, IfUo the inner pot, where the zinc is, pour water, with 
1-lOth of its bulk of sulphuric acid. Take care to make no 
mistake with reference to these solutions. If you require, as in 
electrotyping, to keep this battery long at work, you must hang 
in the copper solution some crystab of sulphate of copper, and 
keep up a supply, as they gradually dissolve away. The charge 
of acid in such case need noli be so strong in the solution next 
the zina In some instmces a solution of common salt will 
answer very well in electrotyping. 

Experiment 7. — On connecting the two wires of this constant 
batt^y, you will find no hydrogen given off from the copper. 
It h, all employed in decomposing the copper salt li^ &ft^. 
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keeping the wires connected for two or three minutes, you 
remove the copper plate, you will find that its surface is beautiT 
fully coated with pure copper, obtained fix)m fthe solution by 
galvanic action. In our future remarks we shall call this a 
Daniell's battery, although it is a modification of his first plan. 

Experiment 8. — The next battery we shall describe is that 
invented by Mr. Smee. It is a very convenient one, and 
requires but one liquid to charge it. It is made by doubling a 
piece of zinc, which is afterwards amalgamated, round a sheet of 
pure silver, whose surface has been firat coated with platina in 
the form of a fine powder, by holding the silver for a diort time 
in a solution of chloride of platina. The anungement is then 
immersed in a mixture of ten parts of water to one, by bulk, 
of sulphuric acid, and during the action of the battery hydrogen 
is given off from the silver surface. These batteries are sold by. 
the operative chemists, <fea, at prices varying from ^ve shillings 
upwards. 

Experiment 9. — ^The most powerful arrangement yet in- 
vented, is that by Professor Grove, and this is the sort of 
battery we would advise you to construct for the purpose d 
obtaining the electric light, melting of wires, and other such 
experiments ; for whilst the Daniell's or Smee's battery is thet 
best for use as a single cell, Grove's battery is the best for a 
combined aeries. 

To make a Grovels Battery, — Procure twenty gallipots, two 
inches high (worth about a penny each), and as many bowls of 
large tobacco pipes. The latter must have the small hole at. 
Hhe lower end stopped up by means of plaster of Paris, and. 
a kind of stand made of the same material, to support the 
bowls upright, as seen in fig. 5. It is as well to keep a few 
of these simple porous pots by you, in case 
of accident to those in use in the battery, 
so as easily to replace any that are broken. 
You can purchase pots of the kind at the 
instrument -makers for about three -pence 
each. Have cut by a tin-smith, twenty 
pieces of zinc six inches long and two 
inches deep (see fig. 6). The long, thin 
(strip may either be cut from the sheet or 
be a piece of copper soldered on the zinc ; it 
should be four inches long and half an inch 
wide, as in No. 1. The dbeet must be then 
l)ent into the form of a cylinder, as at No. 2 ; ^^* ^ 

Slid the copper or zinc strip is so bent as to form a curve, as 
at No. 3. 
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The zdnc, when bent into form Na 3, must be amaJga^ 
mated. 





Kg. a 

You must now solder on to each of nineteen of 'the zincs 
a piece of platina, a quarter of an inch wide and two inches 
long. This is easily done by wetting the end of the copper 
strip with a little muriatic acid, and then dipping it into a Httle 
^*^ soft solder melted in a ladla Some of the solder 

I hQ^ ^^ adhere to the copper, and by now holding it 
I fmm ^ ^^^ flame of the spirit-lamp, and placing the 
I ^B H edge of the platina with it in the flame, the tin 
I ^^mHIIJp .^^ jQg^i^ g^^^ ^i^Q platina will adhere, and must 
Fig. 7. be allowed to cooL The whole, when finished, will 
appear as in fig. 7. 

By this easy plan all your connexions are complete without 
binding-screws. To one zinc, and to one platina (the twentieth 
of the series) a copper wire of No. 16 gauge, and 30 inches 
long, must be soldered. These will form the last plates of the 
series, from each of which the wires will serve to conduct the 
electricity. 

The next step is to put the battery together. You must first 
fill each of the tobacco-bowls with strong nitric acid, and place 
them in the centre of each gallipot Tdke care not to spill the 
acid over into the outer pot, as that woidd speedily destroy the 
zincs. Then place the zinc cylinder to which the wire is 
attached, in the first pot; and in the second put another 
cylinder of zinc, with its platina immersed in the tobacco-pipe 
bowl of the first one, the platina of the third zinc in the bowl 
of the second pot, and so on throughout the series. 

Having thus arranged that the platina of each zinc shall dip 
into the bowl of the pot immediately preceding it, on arriving 
at the last pot, the platina, with the wire attached, must be 
placed in its bowl, and the wires kept steady by driving into a 
board two nails, round which each of them should be twisted, 
but kept separate. 

The outside pots, containing the zincs, should each now be 
£IIed with suiphuric acid and water, in the proportion of one of 
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the former to eight of the latter ; the mixture being cooled 
before it is poured in. 

The general arrangement of a galvanic battery, ready for 
action, is seen in fig. 8, where six cells of Smee's arrangement 
(see Experiment 8) are represented with conducting-wires, &c., 
ready for experimenting with. Your battery will now be 
complete; and on bringing to- 
gether, and then separating the 
two ends of the wires proceeding 
from the zinc and platina, you 
will perceive a brilliant green 
light, which will dazzle the eyes. 

The platina is the most expen- 
sive part of our arrangement ; but 
if you purchase a piece, two inches Fig. 8. 

wide and six inches long, of 

Messrs. Johnson and Matthey, of Hatton Grarden, London, or 
of the philosophical instrument-makers, which will cost you 
about seven shillings, it will be about the size you require for 
the twenty, allowing for irregularities in cutting the separate 
pieces from it. You will require two other pieces of platina- 
foil, each two inches long and an inch wide, for other experi- 
ments. 

The battery described will melt ten inches of thin iron wire ; 
will give a spark between charcoal points one-eighth of an 
inch long, and afford you an opportunity of trying eveiy ex« 
periment of which we speak in our future progress, in the most 
satis£Eu;tory manner, and with as good an effect as you will 
generally witness at the lecture-table. The total cost of the 
battery should not exceed fifteen shillings. 

Four of these cells are sufficient for most of our experiments, 
if on the small scale ; but we recommend the series of twenty, 
as affording you the opportunity of carrying out your trials in 
a satisfactory and effectual way. 

On concluding your experiments with the battery, let eveiy 
part be well washed with abundance of cold water. It is better 
to employ fresh acids each time, as the cost is very slight, and 
you will thus ensure success. 

The object of using nitric acid next the platina, is to get rid 
of the hydrogen. This gas, instead of being given off as in 
Smee's, combines with the oxygen of the nitric acid, and forms 
water. 

Experiment 10. — ^There are many modifications of Grove's 
battery, such as Bunsen's carbon battery, in which the platiniEi 
is replaced by a charcoal plate. A piece of cast iioii"^^!ki «XaRk ^^ 
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instead of the platina ; but eventually, when the nitric acid 
becomes weak, it acts on the iron, and the arrangement is 
destroyed We have even used a plate of copper as the nega- 
tive metal, and for a few moments the action is equal to that of 
platina. The acid then acts violently on the copper, the nitrate 
oi which is formed, but afterwards the action is pretty constant 
for some hours. During the experiment, the strange fact is 
exhibited of the metal most acted on still remaining negative. 
In all other batteries the zinc is the only one dissolved away ; 
and in Grove's battery, which we have recommended you, the 
platina, if taken care of, will last for years. 

A very interesting arrangement was invented by Professor 
Grove, called the gas battery. In fig. 9, representing one of 
these, we have four pots, in each of which two tubes are 
placed. These tubes contain a piece of platina-foil, which is 
melted by the blowpipe into the top of the tube, leaving a small 
faece outside of each. One tube in each pot is filled with 
oxygen, and the other with hydrogen ; and tiie platina of the 
oxygen tube of one pot is attached to that of the hydrogen tube 
of the next : the pots themselves are half-filled with sulphuric 
acid and water. This interesting arrangement produces elec- 




tricity during the composition of water, instead of during its 
decomposition, as is the case in all other batteries. Alter some 
time the water rises in the tubes, which is owing to all the gas 
being used up. 



EXPERIMENTS WITH THE VOLTAIC BATTERY. 

' Having explained to you the mode of constructing and 
charging batteries, we now proceed to the experiments which 
mAjr be made hy one of the Hnd we have described^ 



EXPLOSION OF GUNPOWDER. 
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? ExPBBiMENT 11. — Join the ends of the copper wires proceed- 
ing fix)m the battery by means of a fine iron or steel wire. The 
wire will be at once melted into globules. 

Experiment 12. — Repeat this with a platina wire. The wire 
will become white-hot, and remain so as long as the battery con- 
tinues in good action. 

Experiment 13. — To blow up Gwnpowder under W cuter. — 
Fill a cartridge with some gunpowder, and out- 
side this tie a small bladder, so as to prevent 
the water entering and wetting the powder. 
Insert into a cork that will fit the neck of the 
cartridge two wires, which should project through 
the cork, say two inches, as in fig. 10. Into the 
cartridge containing the powder fix a piece of 
fine iron wire, crossing the two wires protruding 
through the cork. The cork and wires are to be 
fitted into the neck of the cartridge, so as that 
the fine wire joining the thick ones may be in 
the centre of the powder. The thick wii*es 
(No. 16 gauge) should be long enough to reach 
from the cartridge to the place where your 
battery is. Make the neck of the cartridge ■«. 
water-tight, by means of a little cobbler's wax. ®* 

When all is ready, sink your cartridge to the bottom of a pond 
or large tub, and take care that the thick wires do not touch 





Fig. 11. 



each other in any part. Attach one of the wires from the 
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cartridge to one end of the battery, and when ready touch the 
other end of the battery with the other wire. The fine wire in 
the cartridge will- now be melted, and the powder will instantly 
explode. 

The entire arrangement will be understood by carefully 
studying our illustration, fig. 11. 

Experiment 14. — In one of our earliest experiments we 
tried blowing up gunpowder in a water-butt The result was 
most satisfactory, except in one respect, and that was that we 
succeeded in blowing the butt to pieces. We once saw a lec- 
turer attempt to illustrate this experiment by blowing up water 
in a pail, and he succeeded in completely drenching the directors 
of the institute. Instead of gunpowder place some blue fire on 
a plate, and ignite it by means similar to what we described in 
our last experiment. Let the fine wire lie on the top of the 
blue fire, on which you have sprinkled a few grains of gun- 
powder, and presuming you are trying the experiment in a 
garden, bring your long wires from the plate to the battery, 
and on making the connexion, the blue fire will be ignited. 

The Russians employed a similar arrangement to this, for the 
puipose of exploding one class of their infernal machines, off 
Cronstadt. A vessel holding gunpowder was sunk in the sup- 
posed track of our ships : the wires, covered with gutta-percha, 
stretched to the shore, and when our vessel was just over the 
infernal machine, the battery connexion was completed, and 
the machine blew up. These, however, did no damage on 
any occasion, owing to the great resistance of the water. The 
head-piece to this section (page 115) will give you an idea 
of the mode in which these machines were arranged and 
employed. 

Experiment 15, —To light Gas by Voltaic Electricity, — Fix 
two wires in a cork, and stretch a fine wire across fliem, as 
before ; tie the cork to the burner, so that the fine wire shall 
rest just over the jet. On turning on the gas and making con- 
nexion with the battery, the melting of the fine iron wire will 
ignite the gas at once. 

Experiment ] 6. — A very convenient way of keeping the con- 
ducting wires apart up to where the fine wire is joined on them, 
is to cut two slits in a cork on opposite sides. Put the wires in 
the slits, and tie them tightly with string. 

Experiment 17. — ^The reason the fine iron wire melts is, that 
it is too small to carry the whole of the electricity passing, 
owing to its resistance. Again, good conductors will not melt, 
for the same reason. To illustrate this, make a chain of thick 
copper or silver wire, and of fine irj)n wire in alternate pieces. 



BOIUKO WATER BT OALYANISIL 



127 



?(¥"^ 



Now bring your batteries in connexion with the two ends of 
the chain, and all the fine 
wire will be melted and leave 
the thicker ones untouched. 
You may vary the experi- 
ment by nailing thick copper j^ ^2. 
wires to the edge of a boM^ 
and joining them by means of fine iron wire, as represented 
in fig. 12. 

Experiment 18. — To boil Water hy Galvanism, — ^Into a glass 
tube, four inches long and about a quarter of an inch wide, fix a 
cork at each end, through which two wires should project about 
an inch each. Join these two, by means of a fine iron wire, and fill 
the tube with water. Apply the wires fix)m the battery to the 
thick ones, and the heat from the fine wire will soon boil the 
water inside the tube. 

A slit should be made in one of the corks, to allow of the 
expansion of the water and the escape of steam, and the tube 
should be held aslant with the slit end up. 

Experiment 19. — Another Fay.— Make a little coil of fine 
iron wire, and fit this to the thick 
wire. Dip the coil in a small glass of 
water, and connect with the battery, as 
represented in fig. 13. 

The writer was once lecturing on 
this subject, and trying this experi- 
ment with a very powerful battery. 
Of course the water soon boiled. At 
that time it was proposed to send 
steamers to Australia and India, but 
the great objection raised was the enor- 
mous expense of the coal. A gentle- 
man present, observing the success of 
the experiments, suggested, much to 
our amusement, that galvanism might 
be employed for the purpose of pro- 
ducing steam. We may just remind our young readers that it 
would cost some shillings to boil off a wine^glaaaful of water 
by these means, and we shall leave them to calculate the cost of 
boiling off* the tons of water requii'ed to produce steam sufficient 
for driving two engines of 500-horse power each, for two or 
three months. 

Experiment 20. — To light a Candle hy the Voltaic Battery, — 
Use a similar arrangement to that described as used with the 
gaA-jet (see Experiment 15), only let the fine wire twist twi<M 
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round the black end of the wick, and touching it. On connect- 
ing the wire with the battery, the candle will be lit. 



PRODUCTION OF LIGHT BY THE VOLTAIC BATTERY. 

The most beautiful experiments in the whole course of ex- 
perimental science are tiiose we are now to describe. The 
battery we have advised you to construct will be quite sufficient 
to show all these effects, provided you take care that all your 
wires, &c., are bright and clean. Use sand-paper liberally 
for this purpose, for nothing is more necessary than complete 
connexions. Let not a spot of rust be on your apparatus. We 
have seen a battery at work at least 100 times the size of yours, 
and of the same construction, which produced at the lecture- 
table nothing like so good an effect as you may obtain, provided 
you pay implicit regai-d to our instructions. 

To produce our results well and conveniently, the following 
simple apparatus may be made, although you can succeed with- 
out it by simply tying the different points we shall name to the 
end of the battery wires ; still this arrangement wiU assist you 
materially, and ensure steadiness in supporting the articles you 
may experiment witL 

On a piece of board, an inch thick, a foot long, and six inches 
wide, fix two upright wooden rods, say each a foot high. 
Attach a crayon-holder to e.ach, either by screwing them on 
the rods, or by tying them on by a little wire; the arrange- 
ment wijl appear as represented in fig. 14. The wires of the 
battery must be attached to the end of each holder. 
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Experiment 21. — ^Having placed in the open ends of the 
crayon-holders two pieces of boxwood charcoal, or two pieces of 
tlie hard coke obtained from the top of the inside of gas 
retorts, bring the first two, pointed like a pencil, together until 
thej touch. They will at once become red-hot ; and if you then. 
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separate them to the extent of about an eighth of an inch, you 
will obtain a splendid light between the points ; which, from 
the aize of your battery, should light up a room twenty feet 
square very brilliantly. 

This is called the electric light, and is the same that has 
been so often proposed for the purpose of lighting large towns 
by one light instead of by gas. 

Experiment 22. — The objection to this light is twofold. In 
the first place, although so powerful, the light is very small, 
and, therefore, its shadows are very large. Place the hand 
before the light, and observe its shadow on the wall ; it will be 
very dense. In the next place, you will find that the light 
will not last long, owing to the charcoal breaking away. Many 
attempts have been made to remedy this by the invention of 
what are called electric lamps, but with only partial success. 
Mons. Dubosc, of Paris, has made several of these. We have 
had three or four constructed for our own use, but in no case 
do we remember to have kept the light constant for more than 
twenty minutes, although we availed ourselves of every im- 
provement that had been suggested, and used very powerful 
battery arrangements. 

Our young friends may feel interested in learning the effect 
of different voltaic batteries, of a large size, in lieir power 
of affording light. We shall, therefore, give some results of 
some of our own experiments with batteries of every sort 
and size. 

1st. Discarding all the old forms of battery, we fitted up, 
amongst many o&er arrangements, forty-eight cells of Grove's 
flat-cell battery, each cell containing sixteen square inches of 
active platina suiface. This battery gave an arch of light 
between charcoal points of the length of nearly two inches and 
nearly three-eighths of an inch thick. 

2nd. Seventy-two cells of Darnell's battery in flat cells. 
Each copper exposed a surface of two square feet, and was 
distant from the zinc about an inch on each sida From this we 
obtained a splendid light of about an inch and a quarter long 
and three quartera of an inch thick. 

3rd. Twenty cells of Grove's battery, with platinas in a 
central porous pot, surrounded by zinc. The platinas were 
fourteen inches long and two inches wide. This gave a light of 
about three-eighths of an inch wide and half an inch long. This 
battery made a piece of platina-foil of the same thickness as 
that used in the cells, one inch wide and sixteen inches long, 
red-hot through ite entire extent. 

4tL Fifty cells of Bunsen's carbon battery. The carbons 
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were one incH and a lialf wide and six inches long. This gave 
a flame half an inch long and an eighth of an inch wide. 

5tL Fifty cells of Grove's round pots of the same size as the 
last, and arranged in a similar manner, but with platina instead 
of carbon, afforded, for nearly six hours, a light of one inch in 
length, and rather thicker than the last. 

6th. One hundred cells of Grove's battery of the same as 
that we have recommended to our young friends as to size, 
with tobacco-pipe bowls, <kc., gave a light an inch and a half 
long, and about as thick as an ordinary bell-wire. The shock 
from the battery was very severe. 

Mr. Gassiot, of Clapham, obtained an arch of light three 
inches long, by using a battery of 100 cells of the same size as 
those mentioned in No. 1. 

In all these experiments the effect on the eyes and face was 
very severe. The battery No. 2 produced a shadow at nine 
o'clock in the morning, when a piece of stick was held in the 
direct rays of the sun, shining clearly, and the experiment was 
tried about the early part of May, 1849. 

Experiment 23. — The charcoal points do not give their 
' light by combustion, as may be seen by placing the points under 
water, when you will obtain the light with ease. The light is 
produced by a portion of charcoal being transferred from one 
pole to the other. Indeed, the electric light is most effective 
when pi'oduced in the vacuum of an air-pump, where no ordi- 
nary combustion could possibly take place. 

Experiment 24. — Remove the charcoal points from the 
crayon-holder (see Experiment 21), and place instead two 
pieces of copper wire. On bringing them in contact and sepa- 
rating them, a beautiful green light is produced. 

Experiment 25. — Employ two pieces of silver, say two three- 
penny pieces ; a green light of a brighter colour is produced. 

Experiment 2Q. — In these two experiments, a most singular 
effect is produced on the face by the light ; in fact, every object 
has a splendid green appearance, and with a powerful battery 
the effect on the spectators is very amusing. These are instances 
of a mono-chromatic or single-coloured light being produced. 

Experiment 27. — ^Use two zinc points in the crayon-holders, 
and a fine blue light fringed with red wiD be afforded. 

Experiment 28. — Into a wine-glass pour a little mercury, and 
place in it one of the wires from the battery. Introduce the 
other wire, and then withdraw it gently from the mercury sur- 
face. The mercury will bum with a bluish green flame. Take 
care not to inhale any of its fumes, which are given off in great 
abundance. 



THE ELECTRIC LIGHT. 



131 




Fig. 15. 



Experiment 29. — Hang a piece of watch-spring on the wire, 
and introduce it into the mercury, 
and withdraw it as in the last 
experiment. A splendid combustion 
of the steel spring will take place, 
and the sparks will be cast about in 
all directions, the spring being fused. 
Fig. 16 will give you an idea of the 
arrangement. 

Experiment 30. — Put some iron 
filings into a tea-cup, and rest one of 
the wires fj-om the battery in them ; 
with the other stir the filings about 
continually. In a short time the 
whole will become red-hot, and some- 
times the mass of filings becomes 
fused together. Occasionally, if the battery is in good action, 
the tea-cup will fly to pieces, owing to the heat produced. 

Experiment 31. — Fill a glass with a strong solution of 
sulphate of copper, and introduce one wire from the battery. 
Dip the other wire into the liquid, and gradually withdraw it. 
A bright spark will be produced at the surface of the liquid. 

Experiment 32. — Pour a little mercury into a wine-glass, 
and then fill the glass with cold water. Place one wire from 
the battery in the mercury, and then introduce the other so as 
to touch the mercury, and then draw it up. A combustion of 
the mercury will take place under the surfe,ce of the water, pre^ 
senting a very singular appeamnce. 

Experiment 33. — In the fiame produced by the charcoal 
points (see Experiment 21), place a thin piece of zinc, platina, 
or other metal, and it will be immediately melted and undergo 
combustion. 

Experiment 34. — Put a little mercury in a watch-glass, and 
on this sprinkle some iodine. Fix one of the wires in the mer- 
cury, and with the other cause the metal to bum. During the 
combustion the metal and the iodine will combine, and the 
yellow and red iodides of mercury will be produced. 
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ELECTROTYPING.— PLATING AND GILDING. 

The Voltaic battery has been largely employed for the pur- 
pose of producing chemical changes on solutions of metals, <fec., 
and this has given rise to an important branch of commerce. 

We have already stated that whilst using a DanielFs battery, 
the copper plate becomes coated with pure copper (see Experi- 
ment 7, p. 120). And if after a day's action you strip off this 
coat from the plate, which is easily done by filing the edge, and 
tearing the two metals asunder, you wiU observe that the new 
metal presents an exact copy of every mark and impression of 
the piece from which you have removed it. 

To explain this result, we will try a few experiments ; and as 
we must employ for this purpose the electricity of a voltaic 
batteiy, this branch of our subject has been called electro- 
chemistry. 

Experiment 35. — Fix a piece of platina-foil to the end of 
each of the large battery wires, and dip the platinas into a wine- 
glass, containing a little sidphuric acid and water ; you will 
find that the water is decomposed. Its two gases are given 
off separately, and if collected, they will be found to be oxygen 
and hydrogen in the proportions required to form water. 

Experiment 36. — To collect the Gases sepa/rately. — Introduce 
the platinas into two test-tubes, which have been filled with 
acid and water, and place these, inverted, in a tumbler of acid 
water. Now cover the battery wires with a little sealing-wax, 
except at their points, so as to keep them from the action of the 
liquid. Press the unwaxed end of each wire on each platina. 
The water will be decomposed ; and supposing that the tubes are 
of equal size, the hydrogen tube will, aJter a few minutes' action, 
contain a quantity of gas just double in bulk that of the oxygen 
one. When filled, apply a light to each, and the hydrogen in 
one will ignite, while the match introduced into the other 
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tube will prove that it contains oxygen. Fig. 16 represents an 



Fig. 16. 




A and B represent the two tubes intended to receive the gases. 
G and z the wires coming from the copper or platina and 
zinc ends of the battery, and tipped with platina. 
D, a cover in which the tubes rest. 
B E, two binding screws, through which the battery wires are 



arrangement very similar to the simple one we have described, 
and will enable our young friends to understand our instructions. 
Experiment 37. — The two gases obtained from water may be 
collected together by a very simple piece of apparatus. Into a 
glass tube or a gas chimney fit two corks, so that when finally 
fixed they shall be water-tight. On each side of the inside of 
the glass put a small piece of platina-foil facing each other, and 
extending half an inch outside of the glass. These pieces will 
serve the double purpose of conductors inside and outside of 
the glass. Now press one of the corks into the glass, and so 
keep the foil in its place. The small pieces of platina on the 
outside may be bent outwards, and are intended to receive the 
conducting- wires of the battery. This will complete the bottom 
part of the arrangement. Into the top of the glass fit the other 
cork in which you have fixed a bent pewter or glass tube, and 
through which the gas produced will afterwards be carried away. 
The glass should previously be half-filled with some acid watw, 
and may then be cemented by means of some sealing-wax to a 
piece of wood, which will serve as a stand. Fig. 17 represents 
the arrangement we have described. 
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On bringing the wires into contact with D D, the water inside 
the glass, will be decomposed ; and if the bent tube is dipped 

Kg. 17. 




A A, two pieces of platina-f oil, part of each extending outside 
the glass. 

B, the hottom cork, to keep A A in their place. 

c, a cork holding a tube through which uie gases are to pass. 

D D, the two outside pieces of platina-f oil on which the wires 
of the battery are to be placed, and by which the electricity 
enters and leaves the water. 

beneath the water in a pneumatic trough, the two gases may be 
collected in any vessel, after the usual manner. When the tube 
is filled with gas, apply a light, and an explosion will at once 
take place, and water will be formed. 

Experiment 38. — In a glass containing a little sulphate of 
copper dissolved in water, dip the two battery wires. Now 
very little (if any) gas will be given off ; the hydrogen is em- 
ployed in reducing the copper at the wire from the zinc end 
of the battery, and the wire from the platina end is gradually 
being eaten away by the oxygen set free at its surface. 

Experiment 39. — Repeat the experiment ; but use a piece 
of platina^foil instead of the copper wire from the zinc end of 
the battery. The platina will be coated with pure copper. 

Experiment 40. — ^Remove the platina thus coated to the 
other wire, namely that from the platina end of the battery. It 
will now lose its copper ; and if you employ another piece of 
platina-foil at the zinc end in the solution, the same copper you 
have thrown down on the foil in the last experiment will be 
transferred to the new piece of foil in this. 

You thus observe that the hydrogen is invariably given off 
from that wire which comes from the zinc of the battery, and 
that the oxygen is always afforded at the wire coming from the 
platina end. These two ends or poles have had various names 
given to them. The end of the wire from the zinc has been 
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called the negative pole, zincode or cathode ; that from the pla- 
tina end of tihe battery has been termed the positive pole, plati- 
node or anode. The two wires are called electrodes, from the 
Greek word " odos, " a way. 

Now we have here the pons asinorum of electro-chemistry, 
for it is very difficult for the beginner to remember the relation 
of these poles to the parts of the battery. We shall, however, 
attempt to render this easy by using the following terms through- 
out our further remarks, viz. : — 

We shall call the wire from the zinc end of the battery the 
** zinc wire," and that from the platina end the " platina wire," 
and shall use the same terms when speaking of the use of 
Daniell's battery (see Experiment 7), although it has no 
platina about it — because the copper is a substitute of the 
platina in Grove's battery. Remember that hydrogen is given 
off ft^m the " zinc" wire, and oxygen, chlorine, &c., from the 
** platina" wire, when decomposition is going on. 

Experiment 41. — Decomposition of Salts, — Divide a tumbler 
into two parts by means of a card, and pour in a solution of 
sulphate of soda, fii-st coloured with a solution of litmus. In* 
troduce the two platina poles attached to the wires of the 
battery, one on each side of the card. The salt will be decom- 
posed : that side containing the " zinc wire" will keep of a blue 
colour, the other, or "platina wire" side, will turn to a bright 
red ; the acid being set free here, and the alkali on the other 
side. (See fig. 18.) 

Experiment 42. — Use a solution of common salt, coloured as 
in the last experiment. The chlo- 
rine set free at the "platina wire" 
will there bleach the litmus, and 
may be known by its smell. Fig. 18 
represents the arrangement which 
you can employ for the purpose. i 

Experiment 43. — ^We shall now 
give you full directions as to the 
course to be adopted to ensure suc- 
cess in that interesting application 
of science called electrotyping. We 
have already, to some extent, anti- 
cipated the subject by our remarks 
on the construction of Daniell's bat- 
tery in Experiment 7 ; but we shall now extend our experi- 
ments so as to instruct you how to apply electricity for the 
purpose of obtaining metal copies of any object you please. 

The materials required are few. We premise that you 
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have got a cell of Darnell's battery (see Experiment 7) ; 
besides this you will require some copper wire of No. 16 
and 24 gauge, some white wax, a soft tooth-biiish, some of the 
best black lead in powder, sulphate of copper in crystals, sul- 
phuric acid, and a glass or stoneware pot, or what is perhaps 
better, a gutta-pei-cha trough, twelve indies high and deep, and 
three inches wide. You can make a trough out of wood of the 
same size, and pitch it all over the inside, so as to render it 
water-tight. 

Experiment 44. — For the purpose of making ourselves clearly 
understood, we shall suppose that you wish to have a copper 
copy of a plaster of Paris medallion, such as ai*e sold by the 
Italian boys in the streets. 

The medallion must first be placed in a plate containing a 
little water, and be left there until the water has soaked up to 
its siuface. This is done so as to prevent the wax afterwards 
employed, from sticking to the surface. 

When the plaster is well moistened, &sten round it a strip 
of paper slightly oiled, so as to form a ridge all round the 
medallion about an inch high. This will prevent the wax 
running away when poured on in its melted state. 

Now melt some white wax, and pour it over the plaster cast 
until it forms a cake of about half an inch deep, and leave it till 
quite cold. When cold, you can easily separate the plaster 
fi?om the wax, and you will then find that the latter affords a 
complete reverse copy of the cast 

White wax is a non-conductor of electricity ; you must there- 
fore make it a conductor by black-leading it. This is easily 
done' by breathing on the wax, and then brushing its surface by 
means of a soft tooth-brush with black-lead until the whole is 
well polished. Only black-lead the side which you are about to 
cover with copper. Now heat a piece of copper-wire in a candle, 
and press it into the back of the wax until it is completely 
covered. This will form a kind of handle by which the wax 
moidd can afterwards be hung in the trough. Black-lead the 
wax at the rim, so as to connect the black-leaded front and 
the wire, and thus complete the electrical connexion between 
the two. 

The trough previously described must now be filled with a 
solution of sulphate of copper in water, to which acid has been 
added. This is prepared by dissolving in hot water as much 
sulphate of copper as it will take up, and adding thereto three 
ounces of sulphuric acid, diluted with a quarter of a pint of 
water for every pint of the copper solution employed. The 
isv}2gh being filled with this solution, a plate of old copper is 
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now hung thereio, and attached by means of a wire to the 
copper of the Darnell's battery, or to the silver plate of a Smee's 
arrangement. The black-leaded mould is now attached to the 
wire coming from the zinc of the battery, and placed facing, but 
not touching the copper plate in the solution in the trough. In 
the coiirse of a few hours the copper will creep from the wire of 
the mould, and gradually cover the whole of the black-leaded 
surface, and in forty-eight hours the copper copy will be com- 
plete. The diagram (fig. 19) will give you an idea of the whole 
arrangement, where one of Smee's batteries is represented in 
action. 




During the process you may at any time lift the mould from 
the trough, to examine the progress of the coating. Take care 
to maintain the action of the battery, if you use a Daniell*s, by 
occasionally adding to its copper solution some sulphate of 
copper. The solution in the trough undergoes no change, and 
when once made, lasts any length of time if you just supply the 
loss of water caused by evaporation. If a Smee's battery is 
used, the whole requires no attention for a couple of days. 

When the coating is complete, remove the electrotype fix)m 
the trough, and separate the wax fix>m the copper by introducing 
a penknSe between the two. The superfluous rough edges may be 
cut off by a pair of scissors, and the face of the metal brushed 
clean. It is easy to mount these on a card by just cutting out 
a hole sufficiently large to receive the electrotypes ; or they may 
be silvered or gilt by the process we shall shortly describe. 

The plan we have desciibed can be applied in any way you 
may wish, to obtain electrotypes from solid objects. To make 
them from fruit, lace collars, &c., requires more care, and we 
shall now give directions in respect thereto. 

Experiment 45. — To obtain Electrotypes of Lace Golla/rsy tke, — 
A very pretty amusement for young ladies is that of copying, or 
rather coating in copper such articles as lace collars, and leaves 
of trees out of which the solid matter has been taken. To coat 
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a lace collar, you must dip it in very hot melted wax, and after- 
wards let all the loose wax run off! Hang it by a pin until 
quite cold. It must now be black-leaded as before described, 
and hung in the trough for about twelve hours, until completely 
coated. It may then either be silvered or gilt, and we have 
seen some beautiful specimens of bracelets and collars thus pro- 
duced, and the more valued as they were recognised as the pro- 
duction of their owners' ingenuity. 

Experiment 40. — Fruit may be electrotyped in a similar 
manner; as, for instance, an apple. It shoidd be dipped in 
melted wax, and be hung in the trough a^r being black-leaded 
by means of a pin driven into it, to which the wire from the 
zinc of the battery is attached. So exact is this process, that 
you can even electrotype the very finger-marks ; and should you 
carelessly mark the face of your wax mould thus, you will see 
an exact impression on the electrotype. Many persons have 
applied electrotyping to the purpose of copying engraved plates, 
but owing to the metal produced being soft, plates so made 
do not last so long as those produced by rolling. 

Experiment 47. — By reversing the position of a plate coated 
with wax, and having portions of the wax removed, electro-etching 
may be carried on. For this purpose cover a copper plate with 
white wax, and when quite cold remove, by means of a needle, 
that part of the wax where you desire to remove the copper. 
The wax must be taken away so as to expose the copper surface. 
The plate is now to be hung in the trough, and attached to the 
copper of the battery, and a piece of copper plate attached to 
the zinc of the battery himg in front of it. After a few hours 
the copper plate will be completely " eat in," and by cleaning 
off the wax, and filling the etched part with printers' ink, you 
may print from it with ease, taking care to clean all the ink off 
the plate, except that left in the hollow lines. 

Experiment 48. — ^In our remarks hitherto, we have endea- 
voured to put you in possession of the best mode of obtaining 
electrotypes, and have not mentioned the single-cell plan. 
Although it is the simplest, it is not the most certain mode of 
proceeding ; and we only add a description of it, to make 
our subject more complete, while we prefer the mode already 
described. Presuming that you are desirous of depositing copper 
on a wax mould already black-leaded, &c., as before described, 
you must attach the wire from the mould to a strip of zinc 
placed in a porous pot, and charged with a solution of common 
salt or sal-ammoniac in water. Next to the moidd, in an outer 
earthen or glass pot, pour the solution described in Experi- 
jnent 44^ and keep up its strength by continually adding 
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Crystals of sulphate of copper. The mould in this arrangement 
forms the negative plate of a battel^, and it will 
be gradually covered with copper in the same 
way as the copper plate of a DanielFs battery. 
Fig. 20 illustrates this arrangement. 

The chief objection to this plan is the irre- 
gularity in the quality of the metal thrown down. 
Sometimes it is hard, crystalline, and brittle, and 
generally you will find our previously-described 

method the most eligible. „. 

® Fig. 20. 




ELECTROPLATING AND GILDING. 

Electro-plating and gilding are carried on precisely in the 
same way as that for depositing copper, the only change being 
in the solution, and in the metals employed as positive or 
soluble poles. 

The article which you are about to plate must be carefully 
cleansed by dipping it into a little weak nitric acid, until every 
trace of oxide disappears. It is then to be attached to the 
wire proceeding from the zinc end of the battery cell, and im- 
mersed in the silver or gold solution. A piece of silver or gold^ 
according as you are plating or gilding, must be attached to the 
wire from the copper end of the battery, and dipped in the 
liquid. The solutions should be used in glass jars, and not in 
the trough, as they are more valuable, and should be kept care- 
fully free from any admixture. 

You must also procure the metals in a pure state, as silver 
or gold coin contain copper, and would spoil the solutions. 
Obtain a piece of pure silver foil of about two inches in length 
and an inch wide, and a piece of gold of the same size. The 
thickness is of no consequence, and the cost of the silver shoidd 
be about one shilling ; the gold, of course, is more expensive. 

Experiment 49. — Electro-plating Solution, — Dissolve half 
an oimce of nitrate of silver in distilled water (cold boiled water 
will not do). Add to this solution, clear lime-water, as long 
as a brown powder falls down. Collect this powder by means 
of a filter of blotting-paper, and in a pint of water dissolve an 
ounce of cyanide of potassium. When this is completely dis- 
solved, put into it the filtering paper containing the brown 
powder of the oxide of silver, and stir it till all is dissolved. 
Pour off the clear, solution, and you thus obtain the electro- 
plating liquid. If not quite clear, you can filter it through a 
sheet of blotting-paper. 
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Experiment 50. — To Silver a Mould or other Object — Pour 
the above-named solution iAto a glass jar, and introduce into it 
the mould, which must be quite clean and attached to the zinc 
wire of the battery. Opposite to it place the silver-foil, 
attached to the other wire of the battery. In three or four 
minutes the whole surface of the mould will be coated with 
pure silver. It is now to be removed from the glass jar, well 
washed in water, and may be polished by adopting the usual 
mode of polishing silver articles employed in domestic use.^ 

Of course the thickness of the coating will depend on the 
length of time you expose the moidd to the action of the battery. 
We name three or four minutes as giving time for a sufficient 
average thickness. 

By adopting this plan, you may plate any metal article. In 
every case be careful to cleanse whatever you plate most 
perfectly, and always introduce the article and the silver pole 
at the same time into the solution, as you thereby prevent the 
chance of the former being acted on by the plating liquid. 

Experiment 51. — Electro-gilding is carried on in precisely 
the same manner ; the solution of oxide of gold in cyanide of 
potassium being used, and a gold instead of a silver pole being 
employed. We need not give further directions as to the 
preparation of the solution, as it is precisely similar to that 
recommended in our instructions as to the silver liquid. Our 
young friends had better buy this solution ready made ; and 
even if they reside any distance from a large town where all the 
requisites of electro-plating and gilding are sold, still by going 
to any respectable chemist he will easily obtain everything we 
have described. 

As soon as you have completed your experiments with either 
the silver or gold solutions, restore them to their proper bottles ; 
and should they, in course of time, get dirty, filter them 
through blotting-paper. 

Remember in adopting the battery process your solutions are 
never affected. The metal thrown down on the objects you 
plate is obtained from the positive pole, and is transferred 
through the liquid on to the article plated. In fact, to use a 
common phrase, it is a case of " Robbing Peter to pay PauL" 
In the svagle cell process, described in Experiment 48, such is 
not the case. The solution loses exactly as much as the article 
in process of coating i-eceives, and without great care the zinc 
in the porous pot may pass through ; and if the liquid you 
employ is either the plating or gilding one,,it would be certamly 
spoiled. 

.Experiment b2, — As a kind of appendix to our electro- 
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chemical experiments, we shall give some directions for repeat- 
ing Sir Humphrey Davy's results obtained by the decomposition 
of the alkalies. Place a piece of fused potass on a piece of 
platina-foil ; breathe gently, so as to slightly moisten it. 
Attach one wire from the battery of twenty ceUs to the platina 
plate, and touch the potass with a piece of platina attached to 
the other wire of the batteiy. The potass will be speedily 
decomposed, bright sparks will fly oS^ and potassium in very 
minute quantities be produced. 

ExFEBiHENT 53. — ^Repeat the experiments with soda, and 
sodium will be produced. 

Experiment 54, — ^Try the experiments again by placing the 
potass or soda on a little mercuiy. This metal will form an 
amalgam with either potassium or sodium : and if you throw the 
amalgam thus formed into cold water, the water will be decom- 
posed, and pure hydrogen given off in very small bubbles. 

These experiments open out a most interesting field of 
inquiry, and science is indebted chiefly to Dr. Faraday and 
M. Becquerel for their extensive researches in electro-chemistry, 
and also for the many useful applications which have been made 
of its laws. 




"We may safely presume that all oiir young readers know 
what a magnet is, and, perhaps, as surely predict that very few 
know what makes a piece of steel magnetic. It will therefore 
be our duty to supply this information as &r as we can, and by 
a variety of experiments we hope to render our remarks both 
useful and interesting. 

The term Magnet has been derived from the name of the 
country, Ma^esia, in which the " loadstone " abounds, and 
seems to have been first discovered. Our young friends should 
procure a piece of this magnetic earth. Why steel should be 
almost the only metal which can " store " the magnetic force is 
an inquiry we cannot explain. Professor Faraday, to whom we 
are indebted for some most valuable discoveries in this science, 
has succeeded in showing that everything is susceptible of 
magnetic influence, and has thus laid tJie foundation of a science 
called Dia-magnetism. In fiict, he has proved that a ray of light, 
and even a leg of mutton, may be influenced by a powerful 
magnet ; but as the repetition of these experiments, so interest- 
ing to the philosopher, is impossible to any of our young friends 
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unless they possess expensive and peculiar apparatus, we shall 
content ourselves by naming the fa<;ts, and shall at once pro-* 
ceed to suggest experiments which will be easy and amusing. 

Experiment 1. — E,ub a common sewing-needle with a piece of 
" loadstone." Present to it another needle, and you will find 
that it is drawn or attracted by the needle you inibbed. This 
effect is called magnetic attraction. 

Experiment 2. — Rub two sewing-needles, either by the load- 
stone or by a common horse-shoe magnet. Now place one of 
these needles on the surface of a basin of water, on which it will 
easily swim. Present either end of the other needle to this, and 
you will find that one end attracts or draws to, and the other 
repels or drives away. This last efiect is called magnetic 



Experiment 3. — The success of our last experiment is owing 
to the needle becoming what is called polarized ; or, in other 
words, you have communicated to it the power of pointing 
neai'ly north and south. Now each of these needles has two 
poles, and if you present a north pole to a north pole, the 
needles i*epel or drive each other away ; but if you present a 
north to a south pole they attract each other. We here see an 
illustration of a law of this science which is, " that two similar 
poles repel, and two dissimilar poles attract each other." 

Experiment 4. — The Mariner^ 8 Gom/paBS, — This is simply a 
needle of steel which has been well magnetized by rubbing it 
with a powerful magnet, attached to a piece of cardboard, on 
which the "points of the compass," as they are called, are 
marked. This is suspended on a fine pivot, and allowed to move 
freely thereon. You can easily obtain the same result by 
placing a magnetized sewing-needle on water. If on a clear 
night you place the basin with the swimming-needle in the open 
air, and look for the pole star in the heavens, you will find that 
your needle points a little to the left of it — that is, north-west. 
You may turn the needle as often as you please, but still it will 
come back to its old position. Now, to this strange efiect our 
sailors are indebted for an instrument by which, in fine or 
cloudy weather, they can always tell the north part of the 
heavens, and have not, like Ulysses and the other old navigators, 
to wait until a cleai* day or night sets them right in their course, 
by allowing them to see the sun or the stars. 

We have said that the needle does not point true north. 
This is owing to what is called the variation of the needle, and 
the reason of it is, that the earth itself is a huge magnet whose 
poles act on those of the needle. Hence the poles of magnets 
vary in different countries from true north. In a place west of 
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Greenland the magnetic pole is found, namely, in lai 70° 5', and 
long. 96° 45V 

We may here tell you that those strange people, the Chinese, 
use the needle as we do, and have known its value for centuries, 
but call the north pole south ; in facty their customs and habits 
are most frequently the reverse of those of every civilized race. 

Experiment 5. — Many vessels have been shipwrecked owing 
to the action on the compasses, of iron which formed either the 
cargo or material of the vessel Thus, some years ago, the 
Great Britain went ashore at Dundrum Bay, in Ireland, from a 
derangement of her compasses. You may easily see the reason 
of this by holding a piece of soft iron outside of the basin in 
which your needle is swimming. The iron will attract the 
needle, and continue to do so as long as they are near together. 

You will often read in the papers of a vessel " having her 
compasses adjusted." This is done for the purpose of correcting 
the errors which we have just named. The vessel is taken to 
some place where there is sufficient water to allow her to swing 
right round the chain of her anchor, as the tide goes out and 
comes in. The compass is carefully watched, and if, during the 
swinging of the vessel, the needle varies from pointing always to 
the same object viewed at a distance off, tins is corrected by 
placing magnets or pieces of iron in such a position as will 
destroy all the effect of the vesseFs cargo, &c., on the needle. 
Of course these magnets are never touched again during the 
voyage. 

To give you some idea of the necessity of this, we will relate 
an incident which happened once to us in crossing from Ayr to 
Campbeltown, at the mouth of the Clyde. We started from Ayr 
by a steamer in a dense fog, intending to call at the south end of 
the Isle of Arran. We coidd not see the length of the vessel 
ahead, and steamed on cautiously until we tiiought that we 
should have arrived at our first port. To our great surprise we 
found ourselves at the north end, some eight miles from our 
destination; and in fiict, although we had steered, as we 
thought, direct west, we had, owing to our compasses being out 
of order, actually gone nearly due north the whole time. Of 
course, had this happened at night, it is more than probable 
that we should have all been lost ; indeed, nothing could have 
saved us from being dashed to pieces on the iron-bound coast at 
the foot of Goatfell, a large mountain on the island. 

Speaking of the supposed effects of fog on the compasses, some 
persons affirm that fog renders the needle inactive. We have 
conversed with many intelligent captains of vessels, and the 
majority do not believe in such an effect. Errors are often pro- 
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duced by carelessness ; and one captain related that during ^ 
voyage he had been going the wrong course for some hours, 
owing to a stupid cabin-boy having placed a box of knives he 
had been cleaning near the compass-box. 

Experiment 6. — 2%6 Dipping Needle, — ^A piece of magnetized 
steel not only points north and south, but will also, if fireely 
suspended at its centre, dip or hang towards the earth. This 
experiment is easily tried by magnetizing a scale-beam. Of 
course it will, before being magnetized, be in an horizontal 
position, but on rubbing each end with the different poles of a 
strong horse-shoe magnet, one end will dip or hang toward the 
earth at an angle of 67°. 

Experiment 7. — Another way of producing a dipping-needle 
is to first balance a piece of steel on a 
pivot, supported by two stands ; then 
magnetize it, and again suspend it on 
its supports, and you will find its balance 
lost, and the dip at once produced as in 

fig. 1. 

Experiment 8. — To make Magnets, — 
We have already shown how easily 
needles, kc,^ msi,y be magnetized (see 
Experiment 1). Should you wish a 
large straight magnet, procure a piece 
of good steel, and having polished it with emery, rub each 
end repeatedly with a strong horse-shoe magnet, commencing 
from the centre outward toward each end. Take care each 
time to rub the end of the steel with the same end of the 
magnet as that you commenced with, otherwise your labour will 
be lost. To assist you in this, you will find that the horse-shoe 
magnets have one end always marked. This is 
their north pole. Having rubbed one end of 
the steel wifli this, rub the other end in the 
same manner with the south pole, imtil you 
have communicated sufficient magnetism. 

Horse-shoe magnets may be purchased at 
any ironmongers for from threepence to five 
shillings each. When a powerful permanent 
magnet is required, a number of these are 
bound together, and so form what is called a 
compound magnet. One of steel, with its 
keeper, or soft piece of iron, is represented in 

Fi« 2. ^S- ^• 

* Experiment 9. — Place a steel poker in a 

slanting position, and pointing nearly north and aoutlx. ^^^ 
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strike it repeatedly with a piece of iron. It will soon become 
magnetized. 

Experiment 10. — Send a powerful 
cliarge of a Leyden battery along a sew- 
ing-needle. It will sometimes become 
magnetic. 

Experiment 1 1. — Sprinkle some iron 
filings on a sheet of paper, and bring 
near them a horse-shoe magnet, or place 
this under the paper. Beautiful curves 
will be formed, as in fig. 3, where the 
two ends of a horae-shoe magnet are 
represented, surrounded with iron 
filings. 

Experiment 12. — ^Large magnets are capable of supporting 
. heavy weights. Present the horse-shoe magnet to the centre <rf 
a poker or other iron substance. If the magnet be of moderate 
power, it will sustain it with ease. 

Experiment 13. — Amusing toys may be made by you. For 
instance, place a small piece of magnetized steel in the beak of 
a wooden swan. If you now float the bird in a basin of water, 
and present a piece of bread enclosing a horse-shoe magnet, the 
bird can be easily drawn towards "Qie bread. Now turn the 
bread, and present the other pole to its beak ; the bird will 
swim away fi:x)m the bread. 

Magnetic fishes, and a variety of other such matters, may be 
made if our young Mends ingeniously adopt the principles we 
have already explained. 

A very amusing illustration of magnetism was exhibited at 
the Adelaide Gallery, many years ago. A negro head was lis- 
tened to the body by means of two magnets, and the lecturer 
used to try to cut the head from the shoulders by means of a 
knife, in which of course he could not succeed, although the 
knife passed through. 
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Having considered some facts refendng to magnetism, we 
now proceed to show how the science of Electricity is connected 
with it ; indeed, the most effectual mode of producing magnets 
is by means of electricity obtained from the Voltaic battery. 
We must here remind you that although many eminent conti- 
nental scientific men are ranked amongst the discoverers and 
inventors in this branch of science, termed electro-magnetism, 
still we are more indebted to Professor Faraday, of the Royal 
Institution, London, than to any other, for the extent of our 
knowledge of the subject. 

Experiment 14. — ^In our magnetic experiments we have almost 
always spoken of steel in connexion with magnetism, and we 
should here state, that although iron may have this force induced 
or produced in it, still soft iron has not the power of retaining it. 
Thus, if you present a piece of soft iron to the end or pole of a. 
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magnet, the soft iron will hold nails or filings so long as the 
magnet is in connexion with it, but no longer ; whereas steel 
retains the force, and becomes what we term a permanent 
magnet. 

Experiment 15. — ^We are enabled, however, by means of the 
Voltaic current, to produce a temporary magnet of enormous 
power with soft iron. To produce one of these, wind round a 
piece of gutta-percha tubing, an inch in diameter and eight 
inches long, a length of fifty feet of copper wire, No. 16 gauge, 
which has been covered with cotton. This may be procured 
from any philosophical instrument-maker for about 2s. 6d. per 
pound, and half a pound will be sufGicient for your purpose. 
Wind the wire round the gutta-percha tube exactly as cotton is 
wound round a cotton-reel, and in an even manner, leaving out 
the two ends extending to a foot in length each. One of these 
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coils is represented in fig. 4. Now place a piece of iron rod in 
the centre, and stretehiug lengthways through the tube, so that 
its ends extend two inches at either end of the tube. Apply an 
iron nail, and you will find no effect of any sort produced. 

Experiment 16. — Repeat this, but apply the wires of your 
battery of twenty cells, one to each wire of the coil. If you 
now throw a poimd of iron nails at the end of your iron rod, 
and lift the coil from the table with the battery wires still 
attached, you will find that every nail adheres, and you will thus 
obtain an astonishing amount of magnetism by sending an 
electric current rovmd a rod of soft iron. 

Experiment 17. — Remove either, or both, of the batteiy- 
wires. The nails will immediately fall down, showing that the 
magnetism ceases on the passage of the voltaic current being 
stopped. 

Experiment 18. — Repeat the experiment with a steel, instead 
of an iron, rod, and the steel will become a permanent magnet. 

Exi^RiMENT 19. — Instead of sending the electricity rownd 
the iron, send it through it, by connecting the battery-wires 
with its two ends. You will now find no effect produced. 
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From these experimenta you will thus learn that you must 
send your current of electricity in a particular way to produce 
the magnetic effect. Now this way, rule, or law, is thus ex- 
pressed : — " When a current of electricity passes by means of a 
conductor, magnetic effects are induced at right angles to its 
road or passage." Thus, in Experiment 15 your current 
passes across the coil, and your magnetic effect was produced at 
each end of it, or lengthwise. 

You must carefully bear this in mind, aa this is what we 
shall call the " Kubicon " of electro-magnetism, which, if you 
once get over, every experiment will become easily understood 
by you. 

Experiment 20. — Our rule is so true, that even a copper wire 
may be made magnetic under certain circumstances. To show 
this, have soldered to the end of a piece of covered copper wire, 
two feet long, a piece each of zinc and copper. These may be two 
inches long and one wide. Now twist your wire round a piece 
of card, so as to form it into a kind of screw, or, as it is generally 
called, a helix, letting the plates of zinc and copper bang down 
facing each other. Hang this by a piece of silk thread &xed in 
the centre of the coil, and hold the other end of the thread in the 
fingers, letting the copper and zinc plate dip into a glass hold- 
ing sulphuric acid and water, as in fig. 5. If you now, with the 




other hand, present a magnet to the copper coil, you will find 
it either repels or attracts the coil, which has by the electric 
currcmt become polar and magnetic. 
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ExFERiMENT 21. — Kepeat this ejrperimefnt, and prove the 
polarity of the suspended coil, by bringing alternately the two 
poles of the magnet to the two sides of the coil, and thus you 
will find that the wire has become completely magnetic. 

ExPEBiMENT 22. — lift the wire and plates from the liquid, 
and again present the magnet, and you will find that all effect 
has ceased, owing to no current of electricity passing over it. 

Experiment 23. — Bring the needle of a mariner's compass to 
the extreme ends of the coil. The needle will be repelled or 
attracted according to the poles you present to it. 

ExPEBiMENT 24. — On th<ese principles electro-magnets are 
constructed, and some have been made which would hold 
enormous weights. The one lately possessed by the Glasgow 
Polytechnic would sustain a weight of some tons ; and we 
have frequently in our lectures had thrown on the two poles 
one hundbredweight each of iron nails, each nail measuring four 
inches long. The nails adhered so firmly that it required 
great force to separate one frx)m the mass. 
' An electrormagnet of a small size, which will Bustain from. 
fifty to one hundred pounds, may be made at little cost. Get 
the blacksmith to bend ibr you a piece of rod iron, twelve 
inches long and an inch thick, into the shape shown: in fig. 6, 




Pig.^. 



and let the ends be carefully filed until they are quite flat 
2^ow wind round this, in the sajne way as you^did on the gutta- 
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percha tube (see Experiment 15), half a pound of covered 
copper wire, No. 16 gauge ; only do not wind it all the way 
round j but having wound one half down, commencing from 
the top of one leg, take the wire on to the other side, and wind 
it thereon, leaving the two ends out, as represented in fig. 6. 

Experiment 25. — If you now connect these end wires with 
the twenty-cell battery, and present a piece of flat iron to s and 
N, fig. 6, it will be attracted with enormous force ; and if 
your battery is in good action, it will require you to hang 
a, weight of nearly one hundred pounds before the ii"on will 
separate front the magnet. 

ExPBRiMENT 26. — Disconnect the battery wires, and you will 
find all the magnetism lost. The large magnet to which we 
before referred, was so free from magnetism before the current 
passed over it as not to hold the finest sewing-needle, although 
sustaining such enormous weights when electrified. Should, 
however, the iron of your electro-magnet be not very soft, it 
will retain a little of the force for some time. This has been 
called " residual magnetism." 

One would naturally suppose that a force of such an extent, 
and so easily excited, would have been long ere this applied to 
purposes such as the steam-engine is used for. Owing, however, 
to the expense of working electro-magnetic engines, and to the 
fact that, although the force at the face of the magnet is so 
great, yet it diminishes so rapidly, that we regret to say no 
success has yet been made in any attempt to apply it. 

Experiment 27. — ^The last reason of failui*e is easily per- 
ceived by presenting a nail at two inches from the pole of the 
electro-magnet. You will find it scarcely drawn towards the 
pole, although it adheres strongly when resting on the sur&ce. 

Caviion. — ^When placing the iron on the face of the magnet, 
take care not to place the fingers between the two, as in that 
case they will be sharply pinched. When lecturing once with 
the large magnet in action, we overheard two of our audience 
boldly declare that the nails were glued to the poles. After con- 
cludvQg, we invited one of these gentlemen to place his finger 
between the magnet and the iron plate. The squeeze he got 
frdly persuaded him of his error, and by a tremendous scream 
he announced the iact to the rest of the audience* 
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THE COIL MACHINE. 

We shall now describe a machine by which you may feel 
instead of %ee the effects of electricity. 

The coil machine has been long used for medical purposes, 
and has been made of every variety of shape ; but we shall 
endeavour to suggest to you one of a simple kind, which will 
answer every purpose, and that will cost you very little. 

Experiment 28. — Get a reel of wood made at a turner's, 
eight inches long, and with a hole through its whole length, of 
about an inch in diameter. It must have a collar at each end 
four inches deep. Its shape is represented in fig. 7. 

On this wind, as we explain^ in Experiment 15, half a 
pound of covered copper wire, of No. 16 gauge, bringing out 
each end through the collars. This forms what is called the 
primary coil. On this primary coil you must carefully wind a 
second one ; this should consist of a pound and a half of No. 
24 covered copper wire. The ends of this coil must also be 
brought out of the collars. The coil thus formed will consist of 
two separate coils, the fine one wound round the coarse one, and 
their two ends extending a foot each from the reel, but not 
being brought in contact. Into the centre hole of the reel 
put a bundle of iron wires through its whole length. You must 
now solder to two pieces of tin or brass pipe, an inch wide and 
four inches long, two wires, and attach these to the end of the 
fine coil wires. One of the wires of the inner thick coil may 
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be attached to the copper of a cell of Darnell's battery (see 
Voltaic Electricity), and the other end of the coil may be 
twisted round the end of a file. If you now rub the wire, 
from the zinc end of the battery, over the edges of the file, and 
invite a friend to take hold of the two handles of the fine coil, 
he will experience a most poweiftd shock ; and if you keep on 
rubbing away briskly at the file, he will not be able to leave 
hold of the handles, owing to the powerful contraction of the 
muscles of his aims. 

For the purpose of making the coil self-acting, you must 
have what is called a contact-breaker ; and we must here state 
that the shock is obtained by what is called induction. In 
other words, when you send through or stop a current in the 
primary or thick coil, you generate one in the fine coil, although 
they have no connexion with each other. It is just as if you 
were to strike another person, and that he should fall against 
one standing near him. Now you would, in that case, hit only 
the one nearest you, and yet the third person sufiers ; in the 
same way, the voltaic cun*ent of the battery affects the fine 
coil, and sets free its electiicity, although it is separated 
entirely from it, and merely passes through the primary one. 

As a contact-breaker is not easily made, we would just 
suggest, as a substitute, that you may attach one end of the 
battery to the coil, as before explained ; but instead of at- 
taching the other coil wire to a file, dip it into a cup holding 
mercury, and by dipping and removing the other battery wire 
into this cup, contact may easily be made and broken. 

Oui' illustration at the head of the section will give you an 
idea of the usual construction of a complete coil-machine. One 
of this kind may be purchased for from twelve shillings to two 
poomds, and with proper care they will last for years. 

We must warn you of a result which often takes place. The 
muscular contractions are so powerftil, that the person taking 
the shock is not able to control his feelings ; and we have before 
now seen batteiy, coil, and the person shocked, all lain on the 
floor together. Our young friends may be amused at the 
following incident. Whilst lecturing at an institution near 
London, the audience were much annoyed at the inti-usion of a 
person who had been drinking freely. After the lecture this 
individual determined to take a shock. We put on a powerftil 
battery, which caused him to jump over a form four feet high. 
We considered that we were fully entitled to the thanks of 
the. directors, as by this incident this worthy individual was 
induced to be very cautious how he ever afterwards made his 
appearance in public. 
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The strength of the shock may be much lessened by re- 
moving the bundle of iron wires from the centre of the coil If 
a very slight shock is to be given, the wires may be divided by 
a little water. If you wish to give a " good shock," let the 
person receiving it moisten his hands with a little salt and 
water ; and lastly the shock may be taken by putting the two 
wires of the secondary coil in two basins of salt and water, 
and any person taking a shock must place his fingers in each. 

Experiment 29. — Four or more persons may receive a shock 
by first wetting their hands and joining together ; but the 
effect, although more continuous, is not so severe amongst a 
number of persons as that obtained from a Leyden jar. 

Rkumkorff^s CoU, — This coil is constructed simply on an 
extension of the principles on which the coil we have just 
described is made, with the addition of what is termed a con- 
denser. The secondary coil is something like two or three 
miles long, and by means of it all the experiments, both of 
Motional and voltaic electricity, may be performed. As the 
apparatus is very expensive, we shall not further allude to it. 
It is, in &ct, a dangerous instrument in the hands of an in- 
expeiienced experimenter, although in a philosophical point 
of view it is one of the most interesting arrangements which 
have been produced in connexion with physical science. The 
writer twice received powerful shocks from one ; and it is no 
exaggeration to say that no person, under any inducement, 
would attempt a repetition of such an occurrence. 



THE ELECTRIC TELEGRAPH. 

: We shall now endeavour not only to explain the principles 
on. which the electric telegraph is constructed and worked, but 
.also give you ftdl directions which will enable you to make a 
pimple one for your own use, the study of which wiU. make it 
easy for you to understand how it is that we are able to send 
. instantaneous messages, conveying our wishes to any part of the 
world, 

S(Hne people have most strange ideas bh to the means 
employed. As an instance of this, we may m^[ition that on 
cine occasion a friend of ours, a well-known public character, 
was desirous of telegraphing from Glasgow to London ; and 
thinking that we knew more about the matter than he really did, 
at his reqTiest we proceeded to the telegraph station at the 
Exchange, After writing the message, he read it over, and 
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requested us to rewrite it, as he was afi'aid we had not written 
it plain enough, and stating at the same time, that the clerks in 
London would not otherwise be able to read it. On asking him 
what he meant, he at once said that, of course, the paper on 
which we had written would be sent to London. 

Now, we need not tell you that it woidd be impossible to 
send a piece of paper by means of the telegraph wii'es,— but we 
can send something else, and that is a current of electricity. 
But how does this current take our message 1 This inquiry we 
will at once answer. 

Experiment 30. — Place a magnetized sewing-needle (see 
Experiment 1) on the surface of some water in a basin, and 
when the needle is at rest, place over it, but not touching it, and 
in the same straight line, a copper wire. This is easUy done 
by nearly filling the basin with water, and stretching over the 
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Fig. 8. 



needle the copper wire, as shown in fig. 8. Of course the copper 
wire wflt httve, of itself, no eflfeet on the needle. Now bring 
the wire fi-om the zinc end of the battery to touch the copper 
wire at one end, and the wire from the platina end to touch at 
the other ; the moment the battery wires touch the copper 
wire the needle will turn from its position, and the north pole 
will be turned towards either the right or left hand. Now 
change the position of the battery 
wires, first restoring the needle to 
its old position, and making the 
current pass in the reverse direc- 
tion; the needle will turn in the 
other direction at the same time. 
This action our annexed illustra- 
tion will explain more fully* 

In ^, 9, No. 1, the current of 
the battery is passing from p to 
z, and the north end of the needle 
M directed to the right, Fig« 9« 




No. 1. 
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In No. 2, the current is passing from z to p, and the top of 
the needle turns to the left hand, the direction of the current 
being the reverse of that in No. 1, as indicated by the arrowa 

Now, all the difficulty of understanding the electric telegraph 
will be at once solved by your trying this simple experiment. 
You will thereby see that a wire carrying the electric force has 
the power of turning the needle right or left, according to the 
direction the current takes, and it is simply by this diverging of 
the needle repeatedly, by the current passing along the wires, 
that the messages conveyed from one station to another are indi- 
cated on the face of the instrument. 

Experiment 31. — To understand this better, use two basins 
and two needles swimming on water, with one wire passing over 
the needle of each basin, as repi'esented in fig. 10. Let each 
basin be placed at the end of a table, and let the wire be con- 




Fig. 10. 

tinned over each, with its two ends free. The basins will repre- 
sent two distant stations, and we will suppose a battery to be at 
one of them. Now place the zinc wire of the battery in con- 
nection with the wire fix)m the left-hand basin, and the other 
battery wire attached to that from the right-hand one. The 
moment the battery wires send their current through the copper 
wire, the north poles of the needles in the basin will be diverged 
each in the same direction, towai*ds the right-hand side. 
Kemove the battery wires, and let the needles come to rest 
again. Now reverse the battery wires, and you will see that 
the north poles of the needles will now turn to the left-hand 
side. 
From tbia yon will learn that by means of a conducting-wire 
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stretched over two needles at any distance from each other, you 
can, by the voltaic current sent through the conductor, deflect 
both needles at the same moment. 

You may extend this experiment by placing one basin in the 
kitchen and the other in the parlour. Your conducting-wire 
may be twisted or nailed in its course, each end being brought 
to the battery. By having a friend down-stairs, on your send- 
ing the current by the wire, you may send an elementary mes- 
sage by yours, at the same time agreeing as to the signal. For 
instance, we will say one turn of the needle to the left shall 
represent the word " come up," and one to the right the word 
"stay down." By repeating this a few times you will plainly 
see all the art and mystery of the electric telegraph in pmctical 
operation. 

In practice, the arrangement of course is very difierent, as far 
as regards the mechanical detail. Only one conducting-wire is 
used, the earth being made to serve as the other one, by each 
station having a large plate buried in the ground, and attached 
by a wire to lie instiTiment ; the moisture of the earth between 
any two places thus serves the purpose of a wire. The needles 
are hung on a pivot vertically, and round them is woimd several 
feet of iine covered copper wire, instead of the one wire we have 
used. Batteries of several cells are employed to send the 
current any distance ; and according as the distance increases 
between the stations, so the number of cells employed must be 
increased. 

In front of the needles a card is fixed, on which are printed 
the various lettei-s of the alphabet ; and by means of what are 
called reversing handles, the needles are rapidly turned right or 
left, and the letters of any word are thus spelt. 

For instance, supposing we wish to send the following mes- 
sage to a friend, " Come at once ;" we shall have to deflect the 
needle right or left as many times for each letter as are indicated 
by an arranged code of signals. This is done by simply moving 
handles placed in front of the instrument, which have arranged 
at their further end two wires dipping into mercury cups, and 
respectively connected with the battery and the wii*es through 
which the current passes. 

In fig. 11 we have an illustration of one of the instruments 
generafly employed in the ordinary telegraphic arrangements, 
where needles, handles, &c., are represented. By using two 
needles, and combining their deflections, much time is saved in 
spelling the message. A bell connected with the wires was at 
one time employed for the purpose of calling the attention of the 
clerks, but it is now rarely used. The current was partly 
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diverged from the needles by a peculiar arrangement, and acting 
on a stop in some clock-work set the bell in action. 

There is a great variety of printing telegraphs employed, both 
here and in America. In the latter country Morse's telegraph 
is much employed ; in our own, Cooke and Wheatstone's, which 
we have just described, is mostly used. Messrs. Bain, Henley, 
and Bakewell have invented ingenious arrangements, but we 




Fig. 11. 



shall not detain you by describing them. We shall give, however, 
an experiment further on, illustrating the principles on which 
they work. In submarine telegraphs the wii*es are coated with 
gutta-percha, to prevent the electricity escaping through the 
conducting power of the water. The gutta-pei*cha covering is 
surrounded by thick iron wires, so as to resist the action of 
stones, &c., in the bed of the ocean. 

Our illustration (fig. 12) will give you an idea of the con- 
struction of a submarine cable. 

The Atlantic cable only contained one conducting-wire. The 
wires of the Electric Telegraph Company are mostly suspended 
in the air on posts, whilst the Magnetic Company enclose theirs 
in gutta-percha, and bury the wires in the ground in iron 
tubes. 

ExPERiiCEin! 32. — Our young friends will easily imderstand 
the action of the printing telegi-aphs by the following experi- 
ment : — Wet a piece of white calico in a weak solution of 
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prussiate of potass, afterwards dipping it in a solution of sulphate 
of soda. Press the cotton until all superfluous moisture is 




A, the iron wires surrounding the cahle. 

B, the gutta-percha covering the wires. 

c, the four wires through 'vmich the message is sent. 

driven out. Now lay it on a sheet of tinfoil. Attach a knitting- 
needle to one wire from the battery, and rest the other wii-e 
on the tinfoil on which the calico is placed. If you then draw 
the knitting-needle over the cloth,, a blue mark is left. If you 
just press it down, there will be simply a spot. By an arrange- 
ment of this sort printing telegraphs are worked. 

Mr. Whitehouse, of Brighton, by means of a similar arrange- 
ment, succeeded in making a piano write the music played on 
it. We have often used an harmonium so arranged, with a wire 
firom every note, reaching to a telegraph arrangement placed 
several feet off^, and on which each note as we played was 
accurately printed, both as to its position on the staff and its 
value as to time. Afterwards the calico strip might be used 
and played from, just as is done with printed musia By this 
instrument a composer could instantty print his most rapid 
musical effusions. 

We have thus endeavoured to give you a general idea of the 
working of the electric telegraph. We might have extended 
the subject, and led you to experiments illustrating the applica- 
tion of voltaic electricity to the production of power. In doing 
so, however, we should have far exceeded the plan which we 
at first proposed. Indeed, the most costly experiments in this 
department of scientific application have all hitherto resulted 
in failure, and we have yet to wait imtil some fresh discovery 
shall place at our disposal a cheap means of obtaining electricity, 
and also enable us to overcome other difficulties, which at 
present oppose our progress. 

We trust that our young friends will have arrived at some 
knowledge of this most interesting of sciences, in rei^eotm^ ^^ 
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experiments we liave oflfered. If you occasionally feil in your 
attempts, we can only recommend you to follow the example of 
the insignificant insect, who, despite the number of times her 
net may be broken, yet courageously repairs the rent. The 
perseverance of the little spider raised a king from a dungeon 
to a palace, by the force of example ; and our wish is, that our 
young friends may lay to heart the lesson of determioiitum 
which is involved in tiie anecdote to which we have only lust 
alluded, remembering that "perseverance overcomes all <uffi- 
ciilties." 

Fig. la 
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EXPERIMENTS IN HEAT. 



In our previous remarks we have stated that there were only 
a few foi'ces in nature employed to produce the almost infinite 
variety of changes we observe in our daily experience. Two of 
these, electricity and magnetism, we have already considered ; 
and we shall now give a number of experiments in connexion 
with another force, namely, that of HecU, 

.We are utterly at a loss when we attempt to answer the 
inquiry, "What is Heatl" We only know it by its effects. 
Some have supposed that all the forces are simply what they 
have termed " affections of matter ; " or, in plain English, they 
say that heat is due to the motion or vibration of the particles 
of which any body is composed. Others consider that heat and 
light have an independent existence ; — that they are quasi- 
niaterial, and can be moved and measured as water, <fec. It is 
sufficient for us simply to examine into the effects of these forces, 
and we shall therefore not lead you into the mazes of theory. 

We will tii-st suggest experiments showing the production of 
heat, and then pass on to consider other interesting mattera 
relating thereto. 
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The Production of Heat by Friction, — ^There are so many 
illustrations of this in daily Hfe, that we need only name them 
to make you at once aware of them. The stiiking of a common 
lucifer match, the heating of the axle of a cart or a railway 
carriage, boring cannon, <&c., are all cases in which heat is pro- 
duced by friction. Even heat may be produced by rubbing two 
pieces of ice together* The following is a simple experiment, 
showing the same result. 

Experiment 1. — Rub a common knife on a stone for a few 
moments, and place it on a piece of phosphorus. This will im- 
mediately ignite, owing to heat produced hj friction. 

Experiment 3. — HecU produced by Percussion,, — Hanmier a 
nail smartly for some time on an anvil, and then touch a match 
with it. It will be inflamed. 

Percussion caps are made so as to afford heat by percussion. 
The hammer of the gun falls on the back of the cap, and by 
sudden compression, the fulminate of mercury contained inside 
produces the heat required to ignite the gunpowder. 

We have already adduced a vast number of experiments in 
which heat is produced by chemical action. Such instances 
show us that heat may be produced from gases, liquids, and 
solids. "We add one more, which is curious from our having in 
the mixture all three states; namely, the gaseous in the 
ammonia, the liquid in the water, and. the solid in the sulphur ; 
and another where heat is got from ice. 

Experiment 3. — Mix together iron filings, sulphur in powder, 
and a solution of sal-ammoniac in water. Make these into a 
paste, by pressing them together, by means of a piece of iron 
or ^ kmfe. Great heat may thus be produced; and if large 
quantities are thus mixed and buried some depth in the ground, 
the heat will become so intense that the mixture will ignite, 
and produce an artificial volcano. 

Experiment 4. — Put a small piece of potassium into a hole 
in a piece of ice; the water of the ice will be immediately 
decomposed, and heat and light be afforded. 

Experiment 5. — Heat produced by compressing Air, — If 
common air is suddenly condensed by means of a sjringe on a 
piece of tinder, sufficient heat will be produced to set the tinder 
on fire. This experiment requires a little tact, but a few trials 
will enable our yoimg friends who possess a syringe to succeed. 

Heat produced by Combustion. — The instances of this are so 
numerous that we need not name them. We have already 
remarked that animal heat, and the heat produced in our fur- 
naces, alike proceed from the same cause. The food is con- 
verbed, m the animal, into blood, and its charcoal being conveyed 
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in the blood to the surface of the membrane of the lungs, is 
there burned just as coals are consumed on the bars of our fire- 
places. It is no exaggeration to say that we are walking stoves, 
our lungs the furnace, our food the coals, and the throat and 
mouth the chimney by which the human smoke, carbonic acid, 
escapes. To maintain the heat of our bodies, we require, in cold 
weather, an extra supply of charcoal in our food 

Experiment 6. — Gonatcmcy of Animal Heat, — If you place the 
bulb of a thermometer in the mouth, either in summer or winter, 
you will find that the temperature is always the same— namely, 
about 98°. This is effected by means of what we may call the 
safety-valve of our system, insensible perspiration. The skin is 
continually carrying off" heat from our bodies; and just as the 
external air increases in temperature, so, in most cases, does the 
proportion of water given otf by perspiration, keep the tempe- 
rature of the body equal, by abstracting heat at the same time. 

A singular experiment was tried some years ago, in which a 
man having been varnished all over, except a portion of the 
forehead, was placed in an oven heated to above 212°. The 
perspiration rushed in torrents from the unvarnished part, and 
so kept up the evenness of his bodily heat. "We have, when lec- 
turing in front of the hydro-electiric engine, at the Polytechnic, 
Regent-street, lost in weight upwards of two pounds, owing to 
the rapid perspiration kept up for about an hour, and which 
was produced by the heat of the steam-boiler, together with the 
exertion of speaking. 

"We refer you to our electrical experiments generally, for in- 
stances of the production of heat by electricity, and need not 
remind you, that the great source of light, life, and heat, is the 
sun, to whose rays we are indebted for all the beauty and anima- 
tion of our existence. 



LATENT AND SENSIBLE HEAT. 

In our previous remarks and experiments we have been 
showing how heat or, as it is sometimes called, caloric, is ob- 
tained frx)m any body with which we are surroimded Every- 
thing contains heat ; but you will at once reply that our senses 
do not make us aware of this. Now, hence aiises the distinc- 
tion between laJtent and sensible heat. The word latent simply 
means lying-hidy and thus the heat we obtained in our past 
experiments existed in the materials we used, in a lying-hid or 
latent state, and only became sensible to our feelings when we 
used friction, percussion, chemical action, <fcc., ta \srai% S^» l^stfvk^ 
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On reflecting on these facts, our young friends must bear in 
mind that everything is continually absorbing, or giving off 
heat; and thus in the experiments we have made, we have 
merely got back a portion of the heat which our materials had 
received from the sun's rays, or from other sources, and retained 
in their substance until we called the heat forth for our pui-pose. 
# By the addition of sensible heat to a solid body, we are able 
to convert such into a liquid ; in fact, the three states of all 
matter, viz. the solid, liquid, or gaseous, are dependent on the 
quantity of heat in bodies. Thus, in the case of frozen mercury 
we have a solid ; in its ordinary state we find it liquid, and by 
boiling it we shall obtain it in a gaseous state; the two last 
resulting simply fix)m a continued application of caloric, or heat. 

It is believed that every solid can be converted either into a 
liquid or a gas, and the few exceptions to this are due to our 
want of sufficient heating-means to effect our purpose. 

The effects produced upon bodies to which heat is applied, 
are chiefly those of Expansion, 
Liquefaction, 
Vaporization, and 
Evaporation, 
and we will by means of experiments investigate each of these. 

Experiment 7. — Expansion. — With a few exceptions, all 
bodies expand or increase in size by the addition of heat This 
may easily be shown by making a small hole in a piece of metal, 
which shall exactly let in the end of a cold brass rod. If the 
rod is now heated, it will be so expanded as to be too large to 
fit the hole, and it cannot pass through until cooled down again. 

Experiment 8. — Liquids expcmd by the application of Heat. — 
Fit into a Florence flask a cork, in which is fixed a piece of glass 
tube a foot long. Now fill the flask and half the tube with a 
little coloured water, and apply the heat of a spirit-lamp. You 
will find that the water will gradually rise in the tube, as it is 
expanded by the heat of the lamp. 

For the same reason our kettles often let the water escape at 
the spout if they are filled too ftdl. The heat of the fire 
expands the water, and thus the liquid escapes. 

Thermometers are made on this principle, and in fact our last 
experiment affords you a rough one. If the tube used is long 
enough, you may observe that the water goes on expanding 
until it boils. Mercury is employed in preference to water 
because its boiling point is much higher, as we shall afterwards 
explain. 

To make a Thermometer. — A narrow glass tube has a bulb 
blown at one end. This is filled with mercury, as also is a 
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portion of the stem. The mercury is then heated imtil it 
entirely fills the tube, whose other end is then sealed. Two 
points are then mai'ked on apiece of wood; namely, the freezing 
and boiling points of water. These are ascertained by placing 
the bulb in melting ice, and then in water boiling in a meUU 
vessel, and the intermediate parts are divided into 180 equal 
spaces, commencing at 32 as the free2dng, and ending at 212, or 
the boiling point of water. 

These spaces are called degrees, and indicate the temperature 
of any body in which the thermometer bulb is placed. The 
scale is called after its inventor's name, Fahrenheit. Other scales 
are employed on the Continent, such as that of E6aumur, and 
also the Centigrade. The relative divisions in each scale are 
as under. 

Fahrenheit. — ^Freezing-point 32°. Boiling-point 212*^, 
Reaumur.— „ 0°. „ 80°. 

Centigrade.— „ 0°. „ 100° 

Our young Mends should provide themselves with a ther- 
mometer, and have that portion of the woodwork cut away 
which surroimds the bulb, as this enables you to dip the bulb 
in any liquid of which you wish to ascertain the temperature. 
The scale may range from 30 degrees below zero, or 0, as it ia 
marked, to 300 degrees, or a temperature considerably over that 
of boiling water. You will thus be enabled to ascertain the 
temperature of both freezing mixtures and the boiling points of 
solutions of salt, &c,, as the frirther experiments we offer will 
require. 

Experiment 9. — ^Dip the bulb of such a thermometer in a 
little water containing pounded ice. It will indicate a tem- 
perature of 32° until the whole of the ice has melted. 

Experiment 10. — Place the bulb in a met(d saucepan in 
which water is boiling. The temperature will remain constant 
at 212° imtil all the water has boiled away. 

Experiment 11. — ^Dip the bulb of the thermometer in a 
mixture of snow, or pounded ice, and some common salt. The 
temperature will fell much below 32°. 

Experiment 12. — Instead of employing water boiling ia a 
metal vessel, repeat the experiment in one made of gUus. You 
will now find the water does not boil until heated beyond 212°. 

Experiment 13. — Test the temperature of the boiling point 
of a strong solution of common salt in water. It will be foundl 
to be higher than that of common water. 

Experiment 14. — ^Although mercury is almost always em* 
ployed in thermometerS| still, in some ex:g«sixx^fiS)&«k^^n^%BftMc^^ 
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mixtures, a spirit one must be used, as, owing to the intense cold, 
the mercury would be frozen. 

Experiment 15. — ^Place the bulb in a mixture of water and 
strong sulphuric acid. The heat produced will be &.r above 
that of boiling water, and will depend upon the relative propor- 
tions of the liquids you employ. 

Experiment 1 6. — Test the temperature of the different freezing 
mixtures we named amongst our chemical experiments. They 
will vary from 32° to perhaps 40° below zero ; that is, seventy- 
two degrees lower than the freezing point of water. 

Experiment 17. — We have stated that there are exceptions 
to the rule of expansion on the application of heat. Fill a 
tobacco-pipe bowl with clay, and heat it red-hot in the fire : 
the clay will become smaller, and when cool, will readily drop 
out of the bowl. For this reason potters always make their 
articles considerably larger than the intended size, as the 
process of "baking" reduces them afterwards to the proper 
dimensions. 

Pyrometers, or fire meaav/rers^ are made by adopting this 
principle; namely, the contraction which takes place on clay 
being strongly heated. 

"Water is a beautifrd exception also. On being cooled, it 
gradually contracts until it arrives at a temperature of 40°. It 
then begins to expand imtil formed into ice. Hence ice is 
lighter than the same bulk of water in which it floats. But for 
this provision in nature, the beds of the Arctic Sea would ever 
remain solidly frozen. By virtue, however, of this expansion, 
the light ice breaks away from the large mass, and swimming 
on the surface of the ocean as icebergs, becomes gradually dis- 
solved by the heat of the sim's rays and the surrounding air. 
By the same rule again, as the ice melts the water contracts, and 
thus descends, conveying with it heat to the subjacent ocean ; 
the temperature is thus gradually raised, and the rigours of an 
Arctic winter dissolved This is one of the most complete and 
most valuable provisions we find during our scientific investiga- 
tions, and, if needed, might be produced as an absolute proof of 
the existence of an allwise Deity. 

Experiment 18. — Gases expcmd on being heated, — This is 
easily shown by using the flask and glass tube as in Experiment 
8. Half-fill the flask with water, and placing the finger at the 
end of the tube, invert it in a basin of water, then place the hand 
on the top of the flask. The heat commimicat^ to the air will 
drive the water away into the basin. On removing the hand, 
the air will cool down again and contract; the water will rush in 
jbjr Hhe tube oadL regain its old place. 
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ExPEBiMENT 19. — Fill a bladder "with air and tie the neck 
tightly. Place it before the fire, and the air will be so expanded 
as to burst the bladder. 

Experiment 20. — Make a balloon, by pasting together piecoB 
of thin tissue paper, leaving a hole at the bottom, of about three 
inches in diameter. Blow into the balloon when it is dry, and 
when full of air introduce the flame of your spirit-lamp, taking 
care not to set the paper on fire. The heat of the flame will 
expand the air, and after a short time you may let go the 
balloon, and it will at once ascend, because the air it contains is 
lighter than the atmosphere. 

The earlier kind of balloons were all filled with heated 
air, and the temperature was maintained by means of fires. 
Serious accidents occuiTed, owing to the balloons catching fii-e, 
and eventually hydrogen gas was employed, as we have already 
described, under the head of "Hydrogen,'* in our Chemical 
Experiments. 

We must here caution our young Mends as to the common 
mode of sending up fire-balloons, by igniting spirits of wine 
placed upon tow. This is very dangerous, especially in the neigh- 
bourhood of haystacks and thatched cottages, to either of which 
they may set fire. We once saw the whole of the clothes in a 
garden, hanging out to diy, destroyed by one of these fire-balloona 
fitlling on them ; and only a short time back, we witnessed a 
field full of new-made hay nearly destroyed in the same way. The 
best plan is that which we have named, or that of holding the 
neck of the balloon over the glass of a gas-flama 

Experiment 21. — Ventilation, — ^We succeed in ventilating 
our rooms, just in proportion as we bear in mind that hot air, 
being lighter than cold air, always ascends to the top of a room, 
and will there escape if there is any outlet for it Our young 
friends may try a very simple, and, at the same time, a very 
instructive experiment. Place a lighted candle on the floor at 
the doorway of a room, with the door open. You will observe 
that the flame blows vnto the room. Now hold the candle 
exactly half-way between the top and bottom of the doorway ; 
the flame will blow neither in nor out. Now raise the flame to 
within three or four inches of the top of the doorway, and you 
will observe that the flame blows oiU of the room. 

Thus, cold air must be admitted at the lower part of a room, 
and an outlet made at the top for the escape of the hot and foul 
air, which rises upwards. 

A very ingenious apparatus has been patented by Mr. 
McKinnell, of Qlasgow, by which he admits fresh and geta rid 
of foul air by means of two conc^ntnc '^V^^> ^^^j»Xft^ ^swoj^ 
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little distance from each other. Its principle will be understood 
by the following experiments : — 

£xFERiMEin? 22. — Place a gas-jar over a small piece of 
lighted candle. In a short time the flame will be much decreased, 
and, although the top of the jar may be open, the candle will 
very likely be extinguished, for want of air. In such a case, 
re-fight the candle, and now divide the top of the jar by means 
of a common card. A current of hot air will escape, and one of 
cold air descend into the jar, and complete ventilation of the 
inside of the jar be effected. The course of the two currents may 
be observed by holding a piece of smouldering brown paper over 
the neck of the jar. 

ExpEEiMENT 23. — ^The ascent of hot air in our chimneys is 
sometimes used for the purpose of turning the meat whilst at the 
fire roasting. The chimney-cowl rotates rapidly, and its motion is 
communicated by means of rods and teethed wheels to the spit 
holding the meat. Our yoimg friends may make a very inte- 
resting illustration of this, which will form also a chmmey- 
omament. 

Cut a card commencing from the centre to the outside, so as to 
form a spiral shape, and pull the card out so that it may appear 
like a long screw. Now hang it by its centre on a needle fixed 
in the cork of a bottle, and place it on the edge of a mantel- 
piece. If the fire is burning in the grate below, the hot air 
rising firom the fender will make the card spiral to rotate, and 
as long as the heat rises so long will your card go round. 
The common chimney-cowl, and the ventilators often fixed in 
the doors of rooms, rotate from the same cause ; that is, the 
ascent of hot air, or its passage through them. 

Experiment 24. — The draught of a furnace-chimney is 
caused by the heat of the burning coals expanding the air 
passing through the bars, and thus making it to ascend the 
chimney. Booms are often injured by the smoke refusing to 
pass up a chimney, owing to its sides being cold. This may 
often be remedied by lighting a piece of paper and holding it on 
the grate. The hot air thus produced ascends and warms the 
chimney, and cures its tendency to smoke. 

Experiment 25. — Light some turpentine in a plate, and hold 
a glass tube, two feet long and an inch and a half in diameter, 
in an upright position in the flame ; neither smoke nor flame 
will pass up. Kow heat the outside of the glass tube by means 
of the spirit-lamp : a current of hot air will be produced up the 
tube, and the flame will roar up it with great vigour. This 
experiment will at once explain to you the reason why the 
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paper burning in the grate, under a smoky cHimney, has the 
effect named in our last experiment. 

The effects of expansion by heat are largely taken advantage 
of by us in daily life. "We have just instanced the case of our 
chimneys, <fec. The blacksmith, by heating the iron tyres of the 
wheels, than which they are made a little smaller, causes them 
to expand and become large enough to pass on to the wheel. 
On being placed in position, the iron is rapidly cooled by throw- 
ing water upon it ; it thus contracts, and is tightly bound on the 
wheel by these means. The cranks of steam-engines are some- 
times fastened on the shaft by similar means. 

Liqtbefaction. — ^We have already mentioned that most bodies 
can be changed from the solid to the liquid state, by the appli- 
cation of heat ; and in our Chemical Experiments, and also 
under the head of Voltaic Electricity, we have named a large 
number of instances in which this takes place. We might 
mention here that every body has its own special affinity for 
heat, and this has given rise to the doctrine of specific heat 
We shall, however, omit to discuss the subject as one more 
fitted for advanced students. 

Solids differ very much as to their point of liquefaction, or 
becoming liquid. Mercury is always liquid at common tempe- 
ratures, whilst water is a solid at 32° ; and other substances do 
not melt until heated far beyond the boiling point of water. 
Pure spirits of wine cannot be frozen, and platina can only be 
melted by means of the oxy-hydrogen blowpipe, or the voltaic 
battery. 

The chemist often takes advantage of heat in promoting the 
solution of bodies in water. Generally, most substances are 
more soluble in hot than in cold water, and some vary greatly 
in this difference of solubility ; lime, plaster of Paris, and 
common salt, are exceptions to this rule. 

Experiment 26. — Crystallization is carried on by dissolving 
salts in boiling water, and allowing the solution to cool, when 
the salt, insoluble in cold water, is deposited in the form of 
crystals. This may be illusti-ated by dissolving in boiling water 
as much of each of the following salts as it will take up^ 
namely, sulphate of copper, and sulphate of ii'on. The vessels 
containing the solutions should then be set aside to cool, when 
oystals of each salt will be produced. 

We have already instanced various illustrations of crystaUiza* 
tion, to which we refer you among our Chemical Expeiiments. 

Solution and fusion are terms which signify the reduction of 
any body from a solid to a liquid state, but tiie former is g|Bn.e- 
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rally employed in reference to the action of liquids on solids, 
such as the solution of sugar in water, and fusion is mostly 
used to explain that action where heat is applied directly to the 
body which is to be converted into a liquid, as, for instance, the 
melting of lead in an iron ladla 

Experiment 27. — Chemists often use what are called fluxes, 
for the puq>ose of hastening the melting of a body. Thus, 
pui*e flint is scarcely to be melted by itself but by adding to it 
four times its weight of carbonate of soda, and heating it in a 
crucible, it is melted with ease. The flint must first be reduced 
to a powder. Powdered glass, or fine sand, will answer equally 
welL 



VAPORIZATION AND EVAPORATION. 

We shall now direct your attention to some experiments 
wherein heat will be employed for the purpose of convei-ting 
solids or liquids into gas or vapour ; and we should here state 
that a gas difiers from a vapour, in that the former is always 
gaseous at common tempei-atures, whilst vapour is only such 
when sustained by high temperatui'es. Thus coal-gas is pro- 
perly what we would term a gas, and the steam rising from 
boiling water is a vapour. Clouds are another illustration of 
vapour, although they exist at a lower temperature than does 
steam. 

The mode of producing steam from water is of course familiar 
to everyone ; but we must bear in mind that every liquid does 
not produce vapour, or, in other words, does not boU at the 
same temperature. 

Experiment 28. — Place a thermometer in a tin saucepan, in 
which a little spirits of wine is boiling. It will be found that 
the spirits boil at a temperature below that required to boil 
water. Ether boils at a still lower temperature, namely, at 96°. 

In trying this experiment, take care that the vapour of the 
spirits of wine does not ignite. Should this happen, do not 
attempt to extinguish it by means of water, but place a small 
piece of carpet or flannel over the top of the vessel 

Experiment 29. — ^Water, spirits of wine, and ether, all boil 
at lower temperatures when the pressure of the air is removed. 
This can only be tried by means of an air-pump. The liquid is 
placed in a wateh-glass, and the air pumped out of the receiver. 

Experiment 30. — To boil water after it has been removed 
/ivm the dre. This succeeds by your forming a vacuum in the 
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vessel by condensing the steam. To do this boil some water in 
a flask, and when the steam issues rapidly cork the neck of the 
flask tightly, and instantly dip the vessel in cold water. The 
water will commence to boil again owing to the removal of the 
pressure of the air, and will continue to do so for some little 
time. 

Experiment 31 — Eva/por<Uion prod/ucea Gold, — ^Whenever a 
liquid boils, its vapour carries off heat with it ; and thus by 
placing a little water in a watch-glass, and resting another 
watch-glass in it containing ether, and exhausting the air from 
a receiver containing these, the water will be fix)zen, owing to 
its heat being taken away by the boiling ether. This plan has 
been used to obtain ice in hot coimtries ; and a friend of ours is 
now constructing a large machine which will be thus employed 
in the West Indies for the purpose of procuring ice on the large 
scale. 

Experiment 32. — ^Fill a garden-pot with water, and place a 
thermometer therein. The pot should now be put in any plaoe 
where a draught of air is passing. The air will abstract the 
heat from the water in the pot, owing to evaporation going on 
on its outside, and the mercury of the thermometer will fall 
several degrees. 

Experiment 33. — ^Tie a piece of rag on the bulb of the ther- 
mometer, and moisten it with ether. If you now blow on 
the rag, the mercury will immediately show a. decrease of 
temperature. 

For this reason we feel cooler when the air is blowing hard. 
The evaporation of the moisture of the skin carries off the heat 
of the body. In the Arctic regions, the most intense cold can 
easily be borne if the wind is stUl, but during a breeze the effect 
(HI exposed parts of the body is very severe, owing to the rapid 
evaporation produced. 

Experiment 34. — The air always contains water in the state 
of vapour when its temperature is above 32°. To prove this, 
place a tumbler on a grass-plot in the sun, with its mouth 
downwards. The inside will soon be covered with dew, which is 
the moisture condensed from the air. 

Experiment 35. — This may also be shown by placing a glass 
jar on a table, mouth downwards, and wetting the outside 
continually with ether. The moisture of the air will be 
deposited inside the glass. 

Thus clouds, fogs, and rain are produced by the condensation 
of the moisture in the air. The vapour rises fix)m the surface 
of the earth, and eventually being condensed by the cool air in 
the upper regions, is again sent to the eajrth. m \»\i<^ i<;$rss^ ^1 t^^ou 
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The dampness of the walls of our churches and houses is due 
to the same cause. The cold walls condense the moisture found 
in the air. 

Experiment 36. — Distillers take advantage of this law in 
producing spirits. Into some sugar and water, at a temperature 
of 60 or 70° put a little yeast After leaving the mixture to 
fimnent for a few hours, pour it into a small tea-kettle to which 
you have fixed a yard or two of pewter tube festened to the 
^pout. Place the lid on the kettle, and put a little putty round 
its edges, to make it air-tight. Kow heat the kettle over the 
fire, or by means of a gas-flame or spirit-lamp. When the 
liquid boils, the spirit produced has its vapour condensed in the 
pewter tube, and by receiving the liquid in a glass you may 
detect the spirit distilled over, by its taste. Keep the pewter 
tube cool by covering it with a rag wetted in water. 




Fig. 1 illustrates a very neat mode of distilling liquids, 
wherein we observe on the left side a vessel containing the 
fluid, with a furnace beneath it ; in the centare is a large tin tube, 
containing one proceeding from the retort. This tin tube is 
continually supplied with cold water, which enters at the lower 
and leaves it at the upper part. On the right-hand side is a 
vessel which receives the condensed liquid. The steam rising 
from the retort, passes into the inside tube, and is there condensed 
into the liquid state. 

In the oi-dinary process of distilling spirits from malt, &c., 
stills of large size are used. They are generally made of copper, 
and set In a iurnace. From the top of the still, called its dome, 
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a pipe proceeds wliich ends in a worm. The worm is fitted in 
a large vat, wliich is continually filled with cold water. As the 
water in this becomes heated, it overflows at the top, and runs 
away. The still is filled with the "wash," as it is called, and 
on heat being applied the spirit evaporates. Its steam or 
vapour is condensed in the worm, and it is collected in any 
convenient vessel. "We are indebted to a friend for the follow- 
ing engraving, from which you will at once be able to follow 
the process we have described, and we shall therefore omit to 
detaU each separate part (See fig. 2.) 




Fig. 2. 

Sugar is boiled at a temperature much lower than is other- 
wise required, by means of a vacuum-pan, or just such another 
arrangement, only on the large scale and formed of copper, as 
that we spoke of in our experiment of boiling water after 
removal from the flame. (See Experiment 30.) Pharma- 
ceutical chemists prepare decoctions of sarsaparilla, <fec., by 
similar means. 

Experiment 37. — ^We have often mentioned distilled water 
in our Chemical Experiments. It may be obtained by the 
same apparatus as that described in Experiment 36, by merely 
filling the kettle with water, and keeping the pewter pipe cooL 
Indeed, by fitting a piece of pipe, threes y%x^ ^oQ'^> ^ *^^ «^os3i^ 



*'\f% EXPERIMENTS IK HEAT. 

rf a tea-kettle on the fire, you may readily obtain distilled 
-water, the length of the tube generally serving to condense the 
steam. Receive the water in a clean glass vessel 



STEAM AND THE STEAM-ENGINE. 

The most interesting application of heat is certainly that of 
the steam-engine ; and as the subject is so very extensive, we 
shall only endeavour to illustrate some facts about steam, and 
leave you to study the details, in such works as Professor 
Macquom and Bankine's, from which you may learn all 
particulars ; and also refer you to our section on " Pneuma- 
tics,'' where the parts of the steam-engine will be separately 
explained. 

There are two classes of steam-engines employed, and they are 
called high or low pressure engines, according to the pressure on 
each square inch of the piston at which the steam is used. 

We have already referred you to the £a*ct that the air presses 
on all surfaces with a force of nearly fifteen pounds on every 
square inch. Now high-pressure steam is produced in sti'ong 
boilers, and presses with a force sometimes equal to a pressure 
of 100 pounds per square inch. This high-pressure is chiefly 
employed in locomotive engines, and in land, or, as they are 
called, stationary engines, when sufficient water cannot be 
obtained to condense &e steam. 

Low-pressure steam — that is, steam not exceeding above a 
few pounds in its pressure beyond that of the air — is employed, 
with scarcely an exception, throughout Great Britain, for the 
purpose of propelling our steamboats. After the steam has 
done its work in the high-pressure engine, it is blown off into 
the air, as you will have observed in watching a locomotive 
engine running on a railway. 

The steam of the condensing-engine is condensed, or returned 
to its old state of water ; and here we may tell you that by 
heating a cubic inch of water, it can be turned into steam which 
will ts^e up 1700 times as much space as the cold water did. 
On applying cold water, or (which is the same thing) condensing 
this steam, it loses its bulk, and is restored to its former small 
space of one cubic inch, — ^that is, an inch wide, deep, and 
high. 

Experiment 38. — To illustrate the action of the low-pressure 
eogine^ have & buib blown at the end of a piece of glass tube, 
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six inches long and half an inch wide. Take a cork that witl 
nearly fit the tube, and attach to it a piece of stick ; twist 
round the cork a little cotton-thread, and soak it in some 
olive oil, and then fit it into the tube, so that it will easily 
move up and down, air-tight throughout its length. Now put 
a little water into the bulb, and having boiled it by means of 
the spirit-lamp, remove it for an instant from the flame and 
insert the cork and stick, until the former rests just above the 
edge of the bulb. 

K you now place the bulb again over the spirit-lanip, th« 
expansion of the steam will drive the cork to the top of the 
glass tube. Instantly on this occurring, dip the bidb into cold 
water ; the cork will then be driven down to the bulb, owing 
to the condensation of the steam. By again heating the water, 
the steam will drive up the cork ; and on condensing the steam 
again, the cork will be again sent down. 

Kow, on exactly siinilar principles, the condensing-engine 
is constructed, only that the steam is used on both sides 
of the piston, and ike used steam is condensed in a separate 



Experiment 39. — Have a cylinder of very thin tin-plate made^ 
and at one end fix in a stopcock. A thin tea-canister will do, 
if you get the smith to solder on the lid, and the stopcock in it, 
so that every part shall be air-tight. Put a little water through 
the stopcock into this vessel, and boil the water until steam 
issues in abundance £rom the cock. Close this, and now pour 
cold water on the vessel ; the steam will instantly condense, 
and the pressure of the air outside will be so great as to com- 
pletely crush the sides and crumple the vessel up. This ex- 
periment is a very instructive one, for in one arrangement you 
have illustrated the production and condensation of steam, and 
the fact that the atmosphere presses on all sides with great 
force. 

Steam-boilers vary in their construction, according to the 
purposes for which they are used. In manu&ctories, long iron 
boilers are used, having one tube through their centre. In loco- 
motive and steam-vessel boilers, sometimes a thousand tubes 
are placed, thi'ough which the hot air of the furnace rushes. 
Each boiler is supplied with a safety-valve, whose use is, to 
allow the steam bo escape into the air when the pressure is 
greater than it should be. Neglect of this valve has been the 
cause of numerous accidents, the boiler of course bursting when 
the steam exerts a greater pressure than the iron can bear. 
Beside the safety-valve is a water-gauge, by which the engi- 
neer can see that the water is of a proper heigjiit m\K^\^^^^. 
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The water is supplied by means of a pump attached to, and 
worked by the engine. 

Steam has been largely employed for the purpose of heating 
&ctories and other places. It has several advantages over 
other means. In cooling down again to the state of water, 
steam gives out four times as much heat as its tempei'ature 
indicates ; for whilst it was being formed from water, it has 
taken up the heat in a latent form, and returns this when it is 
Again condensed. 



CONDUCTION OF HEAT. 

We now invite you to a number of experiments which will 
fi;ive you some idea of what is called the conduction of heat, or 
the power which different bodies have of conveying heat through 
them. 

Experiment 40. — You will at once remember that some 
things carry off heat faster than others. For instance, place au 
iron rod and a tobacco-pipe side by side in a common fire ; in a 
very short time the iron rod will become hot to its end, whilst 
the pipe will remain cool. 

In this case we call the metal a good conductor, because it 
carries the heat fast ; and the tobacco-pipe stem is termed a bad 
conductor, because the heat passes slowly over it. 

Grenerally speaking, the metals are the best, and such articles 
as wood, fiir, dry air, and dry steam, are the worst conductoi's. 
The following experiments will show you, however, how much 
these differ from each other in theii* conducting power. 

Experiment 41. — Twist together the ends of a piece of iron 
and copper wire, four inches long, separating their other ends two 
or three inches apart. Now place the twisted end in the flame 
of a spirit-lamp, and place a piece of bees'-wax at the further 
points of the two wires. You will find that the wax will be 
soonest melted on the end of the copper wire, owing to its being 
the best conductor. Hold the wire in the flame by means of a 
. pair of pincers. Had you employed a rod of wood or glass, the 
heat would scarcely havepas:jed through them; hence the use of 
wooden handles to teapots, to prevent the heat injiuing the hand. 
Glass or wood handles are attached to urns for the same reason. 
In most steam-engines, the boiler and cylinder are surrounded 
with felt or wood, to prevent, by their non-conducting power, 
the escape of heat, and thus the fiiel is economized. 

Our clothing is also regulated by its non-conducting power. 
Tbua, in winter we employ thick woollen garments in place of 
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linen and cotton, l^ey stand in order thus, — ^linen is the best^ 
cotton next^ and woollen and fiirs the worst conducting 
materiaL 

Experiment 42. — Cover four tin cans with linen, cotton, 
woollen, and fiir coats. Now fill the cans with hot water, and 
leave them for half an hour. If you try their temperature, you 
will find that the linen one has cooled most, and the for one 
least. The other two will be intermediate to these. 

Hence, in the Arctic regions, Siberia, and Lapland, thick fiirs 
are esteemed for their non-conducting power, enclosing, as they 
do, a large amount of air, which is also a very bad conductor. 
In the East and West Indies, and in Africa, linen and thin 
cotton garments are used for the contrary purpose. 

Experiment 43. — " Cold feet " may be prevented by applying 
a fold or two of brown paper between the sole of the stocking 
and the sole of the boot. The paper is a bad conductor, and 
so prevents the escape of the heat through the leather of tiie 
sole. 

The sense of cold that we experience on touching a metal, is 
owing to the rapidity with which the heat is carried away from 
the hand. 

Experiment 44. — ^Place a little mercuiy in a hole in a piece 
of wood, and in one of iron, or any other metal Introduce the 
bulb of the thermometer, and you will find that the temperature 
(in ordinary cases) will be the same. Yet the metal seems cold 
to the touch, by reason of its quick conduction of heat. 

In very cold climates it is dangeroTis in winter time to touch 
a piece of metal exposed to the atmosphere. The effect on the 
skin is just the same as that produced by red-hot iron. In some 
of the Arctic expeditions the oflELcers had their faces seriously 
hurt by allowing the metal of their telescopes to come in contact 
with the skin, which, imder such circumstances, was severely 
blistered. 

Experiment 45. — ^Liquids, generally speaking, are very bad 
conductors. They allow heat to pass only when their particles 
move ; hence, nearly all our arrangements for boiling are so con- 
structed that the heat should be applied at the lower pctrt of the 
vessel. The bad conducting power of water may easily be 
shown by filling a basin with pounded ice and water. In this 
put a small copper basin, so that it may swim on the sur^Mse, 
and pour therein a little spirits of wine, to which set fira The 
water under and next to this will soon boil, whilst all within an 
inch beneath it will be of a temperature not higher than 32^ 

Whilst liquids are generally bad conductors, they sometimes, 
when raised to a state of vapour, become still wot8» \ %aA\s^ 

T8k 
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availing ourselves of this fact^ we can offer two very amusing 
illustrations. In one we shall teach you how to handle red-hot 
lead safely ; and in the other, to walk without danger on red- 
hot iron. 

Experiment 46. — To handle Red-hot Lead, — ^To do this you 
must take great care to have the hand perfectly clean, — ^waslnng 
in soap and water will not do if your skin perspires very freely. 
You will observe that water, after you have thus washed, will 
run off the hands as if they were greasy, which in feet they 
really are. To pursue the experiment safely, melt some lead, 
say ten or twelve poimds, in a ladle, and make it red-hot Now 
pour into a basin about a pint of strong liquid anmionia, and 
have in front of you a tub of cold water, into which the metal is 
to be thrown. When an assistant has brought the red-hot lead 
from the fire, dip your right hand into the ammonia and wash 
it welL Now Ap it deep into the ladle of melted lead and 
throw the lead into the tub. Bepeat this until most of the lead 
has been cast away, taking care not to touch the ladle with the 
fingers. 

We have repeated this experiment over one hundred times, 
and the only sensation produced is that of cold, provided the 
metal is well heated. Never attempt the experiment unless 
the metal is red-hot^ for all depends on a skin of steam being 
formed between your hand and the lead. On one occasion, our 
assistant did not believe in our philosophy, and brought the 
metal to the table at too low a temperature ; the result was 
that one or two fingers were severely burned. 

It only requires a little nerve for the first attempt. We 
must confess, however, that although we have exhibited this 
expeiiment before numerous audiences, we have not succeeded 
in persuading any one to repeat it themselves. If the experi- 
ment is repeatedly done, the hand becomes covered with a kind 
of homy matter, which eventually wears off 

Experiment 47. — To walk on Red-hot Iron, — Coat the feet 
with a mixture of glue and treacle. When thus covered, press 
the feet on some rotten stone, which may be laid on the floor. 
Four pieces of red-hot iron are now to be placed on four bricks. 
You may, with the feet thus coated, walk over the red-hot iron 
with perfect safety. The rotten stone forms a coat of non- 
conducting material on the feet, which thus preserves them 
from injury. 

By an application of these principles, a little water may, by 
means of sulphurous acid, be completely frozen in a red-hot 
uLatina crucible ; but as our young friends may not be prepared 
^\go to the expense required, and as they can scarcely be 



CONDUCTORS Ain> NON-CONDUCTORa 179 

ready enough to manipulate carefully, we shall not further 
allude to this than by mentioning the fkct. 

Some substances being bad conductors, have lately been 
employed to fill cases surrounding fire-proof safes. An experi- 
ment will illustrate the principle. 

ExPERiiiENT 48. — ^When the kettle is boiling, remove it 
from the fire, and hold it by placing the hand under the 
bottom. The non-conducting power of the charcoal deposited 
on it will entirely prevent the hand being injured. 

By the experiments we have suggested, you will have become 
acquainted with Ihe reason of many interesting occurrences in 
daily life ; but we shall hint at a few which may not at first 
be so apparent Snow is a bad conductor, and so prevents the 
heat of the ground fr*om passing away. In Arctic regions 
snow houses are always used ; and we assure you that they are 
fer warmer than a brick one would be. In these the £^[ui- 
maux eat, drink, sleep, and cook their food, using whale oil for 
the purposes of obtaining light and heat 

In removing ice frx)m wells, the ice is always wrapped in 
blankets. Now, this seems strange, but allow us to remind 
you that it is for the very same reason you use blankets in bed. 
In either case the wool is a bad conductor of heat 

If the mould of our gardens was solid, like clay, the plants 
would be starved by the better conducting-power which clay 
has over loose mould. The latter encloses air which, in fiu)t, 
keeps the roots of the plant warm. 

Gutta-percha is a £eu: worse conductor than leather ; and by 
walking over the pavement covering a baker*s oven, you will 
perceive the heat at once to pass through the leather, whereas 
gutta-percha soles prevent its passage. 

In making tea, if the pot is covered with a woollen cloth, the 
tea infuses better, and is much stronger than that made in the 
usual fiishion, becaxise the heat is retained by the non-conductor 
you place over it. 

Floor-cloth offcen produces cold feet, becaxise it rapidly carries 
away the heat. Carpets have not this effect, and a peculiar 
kind of floor-covering called " Kamptulicon," which is made of 
india-rubber and cork rolled together, will not permit the feet 
to get cold for a very long time, although you may be sitting 
quite still. The floors of the Houses of Parliament were 
covered with this material some years ago. 

The outside bark of a tree is a worse conductor than its wood, 
and so is our skin than the flesh. In each case the life-heat is 
prevented from passing too rapidly away. 

But we need not multiply tiiese instances. The «¥L^x^:»stf6 ^1 
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obflerration on your own part will be sufficient to make you 
acquainted with numerous instances continually occurring in 
your daily experience. 



RADIATION, ABSORPTION, AND REFLECTION. 

We ai*e all familiar with the &ct that some bodies, when 
exposed to the sim's rays, become hot quicker than others. This 
is owing to their power of absorbing heat. Such bodies gene- 
rally cool quickly, and that is because they radiate or send off 
the rays of heat rapidly. Others, such as polished metals, 
reflect heat, and scarcely become warm, even when exposed to 
large fires or the scorching heat of the sun. Such are called 
reflectors, because they throw from their sur£Eice the rays of 
heat, and but slightly absorb or radiate them. 

Experiment 49. — Place in the sun's rays a polished tin can, 
and another which you have painted with lamp-black. Fill 
them with water, and put on their covers, so as to prevent any 
change owing to heat escaping from the water. Test their tem- 
perature by means of the thermometer in an hour's time. You 
will find that the polished one has scarcely become warmer, 
because it is a good reflector, but a bad absorber. The black 
one, however, being a good absorber, will be foimd to have 
heated the water considerably, because it has drawn in the heat 
from the sun's rays. 

Experiment 50. —Expose the polished and black cans full of 
water, in the open air on some night when the sky is quite 
clear. Ascertain the temperature of the water firsts and again 
after an hour's time. You will find that the black can has 
lowered in temperature, owing to its being a good radiatory 
whilst the temperature of the polished can has scarcely changed. 

Now, for this reason, we find that in the sim's rays a black 
coat makes a person hot^ because it absorbs heat. The same 
coat if worn at night under a clear sky, will make a person feel 
cold, owing to its being a good radiator ; and thus, generally 
q>eaking, good radiators are good absorbers, and vice versd. 
White garments are used in summer time, because they do not 
absorb heat so rapidly as do dark ones. 

Experiment 51. — Place the hand on the glass of a mirror 

which has been long exposed to the sun. It will be cool, because 

it is a good reflector. If the frame is made of dark wood, it wiU 

be found quite hot, owing to its having absorbed the heat 

mpjdfy: 
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Thus, in passmg in summer between walls which have been 
whitewafihed, you will find the air cool ; whilst walls which have 
been painted black throw off so much heat as to make the air 
very hot. 

Polished tin is employed to line meat-screens, and so to reflect 
back the rays of heat passing from the fire on to the meat roast- 
ing before it. Ovens have been constructed, which, placed 
before the fire, will allow of both sides of a piece of meat to be 
baked at the same time, by adopting this principle. 

ExpKBiMENT 52. — Dew is formed by the radiation of heat 
from the earth's surface during a dear night Place a piece of 
white cloth on a grass-plot ; on examining it next morning you 
will find all the grass which has been exposed wet with dew, 
whilst the covered part will be quite dry. Thus dew is not 
produced on a cloudy night, owing to the clouds preventing 
radiation, just as the cloth will da 

Experiment 53. — Dew is deposited owing to the cold pro- 
duced by radiation condensing the moisture contained in the 
air near the sur&ce of the ground. To prove this, place a 
thermometer on the ground and another one « few feet above 
it ; you will find the lowest thennometer indicates a temperature 
several degrees cooler than the one raised over it. 

Experiment 54. — Vessels which are good radiators lose heat 
quickly. Fill the polished and black tin cans mentioned in 
our previous experiment with boiling water, and note their 
temperatures in half an hour's time. You will find that the 
black one has lost most heat in the same time, owing to its good 
radiating power. You must not place these vessels in the sun 
for this experiment, because that would interfere, by allowing 
the absorption of the heat of the sun. 

Tea-pots, if they are kept brightly polished, keep tea longer hot 
than dark earthen ones ; and whHst it is essential that the 
top of the kettle should be kept bright, to prevent the rays of 
heat escaping, the bottom should be black, so as to absorb those 
proceeding from the fire. We omit to speak of the conducting- 
power of the charcoal, for which see Experiment 48. 

If you spend a night out at sea on board a vessel, you will 
find the air much warmer than it would be on shore, because 
the level surfia.ce of the water radiates no heat. On approach- 
ing the land — as, for instance, on entering any of our rivers from 
the sea at night — the air soon begins to feel cool, owing to the 
radiation of Sie earth's surface. 

By means of reflectors heat may be collected and thrown on 
to any surface, just as light is by means of concave mirroFB. 
By using two of these a mutton chop has been ck^Isl^ %2^ ^ ^osi- 
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tance of ninety feet from the source of heat. This and many 
other applications of heat we must pass over, for want of space, 
and shall only add one more which has lately caused consider- 
able interest in scientific circles. 

We are indebted to J. J. Griffin, Esq., of Bunhill-row, London, 
for the following illustrations of a most ingenious and novel 
mode of producing an intense heat by means of a mixture of 
air with common coal-gas, which he has made the subject of a 
patent 

Our young friends will remember that we stated in our 
Chemiod section, that just in pi-oportion as we could urge 
rapidly oxygen gas on a burning body, so the quantity of heat 
produced was increased. Mr. Griffin, by means of bellows 
which drive air through a peculiar arrangement, has succeeded 
in making a furnace which, although occupying a very small 
space, haa sufficient heating effect to melt cast iron with great 



Our illustration (fig. 3) will give you an idea of this arrange- 
ment when in use. On the right is the gas-furnace placed on a 
table ; in the centre we have the bellows which supply the air 




Fig. a 



blasts driven by a man who at the same time can superintend 
the entire operation. 

Our next illustration will assist you to imderstand some of • 
the internal arrangements of the furnace (see figs. 4 and 5). 
F^, 4 IB that portion through which the air and gas pass 
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together. Fig. 6 shows the holes at the top of fig. 4, which 
only repi*esents them in section. These, in fact, form the heat- 
ing portion of the furnace. 

Mr. Griffin has adopted two different methods of applying 
heat. In some cases he prefers to drive the heat downwards ; in 





Fig. 5. 

others the heat is applied from beneatL The following engrav- 
ings illustrate the plans by which the heat is applied from 
above. 

Gas Fu/mace heated at the Top, exhibited in Section hyfig, 6. 
— a is the gas-burner ; h is the support for it, when used below 
the furnace ; c is the iron tripod support for the furnace ; dj d, 
are two perforated clay plates, adapted to the gas-burner, a ; 
e, e, are two clay cylinders. 

The interior of the furnace, as represented by fig. 6, is built 
up as follows : — ^The clay plate, d, is put upon the tripod, c. 
Over the qentral hole in d, the clay cylinder (fig. 7) is placed, and 
upon that cylinder two or three of the clay plates represented 
by ^g, 8. Upon these a porcelain or platinimi crucible is placed. 
If it is of platinum, a piece of platinum-foil may be put betweatt- "" 
the crucible and the uppermost clay plate, to protect the 
crucible from contact with particles of iron, or against fusion 
with the clay. The crucible is to be covered by the plumbago 
jacket, fig. 9. The space between this pile in the centre of the 
fiimace and the two cylinders, e, e, which form the walls of the 
furnace, is to be filled with flint stones, or gravel, washed clean 
and dried. The stones which answer best are rounded, water- 
worn pebbles, of half an inch to one inch diameter. These may 
be piled up to the top edge of the jacket, tig. 9. The number 
of clay plates m\ist be such as to bring the top of the crucible 
to the distance of two inches, or two and a half inches at 
the utmost, from the flat fsuce of the gas-burner, a. In some 
cases, merely one of the furnace cylinders, e^ ia tvfiR«sss»jt^^Sa!L 
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which case the crucible and its jacket is placed directly upon 
the cylinder (fig. 7) ; and when only a moderate heat is required, 





Fig. 7. 



Fig. a 




Fig. 6. 



Rg. 9. 



" ^^en the packing with pebbles may be dispensed witL Another 
means of dimrnishing the heat is that of increasing the distance 
between the gas-burner and the crucible. 

In the above it will be seen that the gas-flame is driven by 
means of the blast directly on to the crucible. Our next 
illustration represents the other form of the furnace, in which 
the heat is produced beneath the crucible (see fig. 10). 

The packing of this variety of ftimace is performed as follows : 
The clay plate, d, is placed upon the tripod-stand. The crucible 
jacket^ fig. 11, or one similar, but of larger size, is placed upon 
the plate, d. The crucible and its cover is then put into its 
place, and is covered with the dome, ^. 12, which must rest 
upon the lifter, /y and must be of such a width as to clear the 
tnnaible easily when lifted. The internal height of the dome 
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should be such as just to clear the top of the crucible cover. 
Consequently, where crucibles of different sizes are used, domes 
of different sizes are also necessary. Observe, distinctly, that 





Fig. 11. 




Fig. 10. 



Fig. 12. 



to 



the crucible and its support are to rest upon the plate, d, and 
the dome upon the lifter, /. The furnace cylinders, e, «, are now 
to be superposed, and the space between the dome and the 
cylinders, and that above the dome, are to be filled with small 
pebbles, as already directed. The gas may then be lighted, the 
blast of air set on, and the operation be allowed to proceed. 

Fig. 13 represents a plumbago crucible which is used 
suspend the inner crucible over the gas-flame. 

We have thus endeavoured to give you a general 
idea of this ingenious application of the laws of heat, 
and have freely availed ourselves of its inventor's 
own description. 

Some of our readers may wish to be in posses- 
sion of the results produced by the action of the ^* 
furnace ; we, therefore, give some particulars with which Mr. 
Griffin has favoured u& 

Examples of Fusions effected by the Blast Gas Furnace, — 
The fusing points of certain metals have been fixed by Daniell 
at the following temperatures :— Silver, 1873°; gold, 2016°; 
copper, 1996°; cast iron, 1786*; brass> with 26 per cent 
of zinc, at 1750^ All these metals melt readily in. the gas 
furnace. Quantities of 3 lbs. of copper or cast iron can be 
completely fused in fifteen minutes in a sixrixick ix£Ev:kS6ft^. 
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Quantities of 8 or 10 lbs. of copper or cast iron can be completely 
fused into a homogeneous mass in a six-inch or eight-inch 
furnace, within one hour, using a sixteen-hole burner, and a 
supply of gas from a half-inch pipe. 

Choice of Crucibles. — The experiments above referred to 
were made with coal gas at the ordinary pressure, and with a 
blast of cold atmospheric air. Greater effects can be produced 
by the use of oxygen gas, or of heated atmospheric air. But a 
difficully stands in the way of the use of these greater degrees 
of heat^ in the want of crucibles capable of enduring their 
action. 

With cold atmospheric air, pure nickel and pure iron dissolve 
every kind of siliceous crucible, and it is therefore needless to 
heat the air or to employ oxygen till a superior kind of crucible 
is obtainable. At present, these metals can only be melted in 
plumbago crucibles, which necessarQy communicate to them 
more or less carbon. 

Metals which melt at moderate degrees of heat, such as gold 
and copper, are easily fused either in clay or crucibles, or in 
those of plumbago ; the latter, be it remembered, being a 
mixture of graphite and clay. Metals in combination with 
carbon, such as cast iron, also melt readily in clay crucibles, 
without destroying them. But when such metaJs as iron, 
nickel, and cobalt are free from carbon, and brought into a 
state of purity, they acquire an extraoi-dinary attraction for 
silica at a white heat, so that the metal and the silica readily 
run down into a very frisible silicate. Even when plumbago 
crucibles are used, the carbon bums away at some particular 
point, the metal then attacks the clay, bores a hole through the 
crucible, and finishes the operation. No kind of clay or 
porcelain will withstand the aiction of pure iron or nickel at a 
white heat. It is therefore impossible to effect any large 
fusions of these metals when they are free from carbon, or when 
they are heated in crucibles that are free from carbon. 

The following are a few of the uses to which this furnace may 
be applied, and we also mention some very beautiful results in 
the production of coloured flames, which may be obtained by it. 

Miscellaneous Uses of the Blast Gas Furnace, — 1. The 
preparation of chemical substances by the projection of mixtures 
into a crucible kept at a red or a white heat. 2. For melting 
silver, gold, copper, cast iron, brass, bronze, nickel-silver, &c., 
either for making small castings, or ingots. 3. For experiments 
on glass ; every description of which it is able to fuse. 4. For 
experiments on enamels, coloured glasses, and artificial gems. 
3, For experiments on metallic alloys. 6. For the fusion of steel. 
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7. For the use of dentists, in the preparation of mineral artificial 
teeth. 8. For the assay of ores of silver, copper, lead, tin, iron, 
and other metals. 9. For all purposes of ignition, combustion, 
fusion, or dry distillation, at a red heat, or a white heat^ where 
it is desirable to produce those temperatures promptly, certainly, 
steadily, conveniently, and cheaply. 

Exhibition of Colowred Flames, — ^When the gas-burner (fig. 4, 
p. 183) is supplied with gas and air, and a light is applied in the 
open air, so as to produce a clear blue flame of three inches long, 
and beyond it a flickering, nearly colourless flame, of twelve 
inches long, bidlliant colours may be given to this flame by the 
introduction of concentrated solutions of certain salts. A ball 
of pmnice-stone, two inches in diameter, fastened to a stout iron 
wire, is dipped into the saline solution, and while wet is plimged 
into the flame, upon which the whole flame becomes coloured. 
Solutions of the following salts may be used for these expeid- 
ments : — 

1. Chloride of Strontium gives a brilliant, crimson flame. 
2. Chloride of Calcium, a reddish-orange flame. 3. Chloride of 
Sodium, brilliant yellow. 4. Chloride of Copper, bluish-green. 
If the flame is touched on one side with the copper solution, 
and on the other with the strontium solution, half the flame is 
green and half crimson. The colours and reflections of these 
flames are necessarily most brilliant in a dark room. A re- 
markable effect is produced by the common salt flame. It is 
reflected from the human countenance with a ghastly blackness. 

About five years ago Mr. Bessemer, of St. Pancras, London, 
succeeded, by employing an intense heat, produced by different 
means to those we have just described, in obtaining nearly pure 
iron. He uses a powerful jet of air, which is driven into the 
middle of melted cast iron, contained in a crucible. The oxygen 
of the air so supplied attacks the carbon in the iron. During 
the process a magnificent combustion takes place, and at its 
conclusion the metal is obtained in a malleable condition. Our 
young friends will find the usual mode of obtaining this result 
described under the head of " Iron," in our Chemical section, 
and they will not fail to remark on the greater simplicity of 
Mr. Bessemer's process. 

Having confined our experiments to matters which we trust 
will interest you, we shall leave to your own ingenuity the 
further application of the different laws of heat. 

It is an excellent plan when reading or experimenting in 
science to ask ourselves the question, " What is there in my 
daily life that owes its occurrence to this rule 1 " In your 
walks out endeavour to make science your com^^nioxL. '^V'et^ 
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is not a pebble, leaf^ or flower whidi may not teach jou 
valuable lesaon. Bat its value will depend upon jour incline 
tiou to learn from it. 

Oar most valuable scientiflc discoveries Lave not sprun 
always from the researches of those who have dedicated the: 
lives to science. On the contrary, such men as Watt^ Stephensoi 
and many others, are examples of a successful struggle wit 
obstacles, many of which arose through their want <^ scientif 
knowledge, and which they had to overcome by a determine 
but inteUigent perseveranoa 

Many of the &cts connected with the science of heat have 
relation to that of light. Our next section, therefore, will b 
devoted to the consideration of some of the most interesting, kw 
of Optics, and the various instruments and applicaticms whic 
have been invented and are used in connexion with tha 
subject 
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We now propose to deal with a branch of science and its 
applications which affords the most diversified and beautifiil 
results. The familiarity which we all have with that wonderful 
agent, light, invests all our experiments with an interest and 
&scination which perhaps no other subject can afford. 

Its numerous applications — as, for instance, photography, the 
microscope, telescope, the magic lantern, &o. <fec. — ^will be an 
inducement which we are sure will stimulate our young friends 
to all earnestness in pursuing this subject^ and we will promise 
them, that at comparatively little cost and trouble they may 
reap a rich harvest of amusement from the experiments we are 
about to offer. 

You will naturally ask. What is light t and we must reply as 
we did before respecting heat^ that we know nothing of it 
except by its effects. Some have thought it to be material, 
others suppose it to exist owing to the undulations of an ether 
(or, in plam language^ a something we do not undscs^axi^« ^^ 
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shall, however, at once leave all the theories to long-headed pro- 
fessors, and occupy our smaller capacities with the facts of the 
case. 

One source of light, as you are aware, is from the sun. The 
light of the moon and the planets is what we may call "borrowed 
light;" that is, light reflected fix)m their sur&ces, just as we see it 
reflected from a walL There are so many other sources of light 
that we shall not attempt to name them. It is sufficient for us 
to remind you of the scores of instances we have brought 
before you already, of its production by friction, percussion, 
.electric and chemical action, &c. It is absorbed and radiated 
like heat^ and, as we shall see further on, may be reflected to 
almost any extent by means of proper arrangements. 

Experiment 1. — If a ray of light passes through a dense 
medium, it is, as it is called, " i*efracted," — that is, the straight 
line of the ray is bent. Supposing, for instance, that you were 
looking at a fish in the water from the bank of a river : you 
would see the fish several inches frx>m his real place, owing to 
the refraction of the rays of light passing from his body. We 
may here name one effect of refraction. On looking into a pond 
from its banks, the water appears of a depth one-tlard less than 
it really is ; and in bathing you should allow for this, as you 
run the risk of a serious accident, by your making a mistake as 
to the real depth. - • 

Experiment 2. — Place in a basin a penny, and just retire so 
as to only see the extreme edge of the coin. Now get a friend 
to fill the basin with water, and the whole penny will become 
visible. Fig. 1 represents this, where the dotted lines show the 
real and apparent place of the coin. 

Fig.l. 




a, the real place of the penny. 
6, its apparent position. 

Experiment 3. — ^A straight stick placed obliquely in a pail of 
•water will, for the same reason, appeal* broken. 

It is owing to this refraction of light by our atmosphere that 
we obtain twilight ; the colour of the clouds at the rising and 
setting of the sun ; and that we also see the sun, as we think, 
aome time before it really rises in the morning, owing to its 



BEFRACriON. 191 

rays passing into the air and being bent down, or refracted, to 
the eye. 

Fig. 2 gives an illustration of the appearance of the sun to a 
spectator before it haa really risen. The inner circle is intended 



. Fig. 2. 

to represent the eartL The outer one the atmosphere. The 
upper line points to the sun's apparent position, and the lower 
one to its real place below the horizon. 

The rays of light travel with great swiftness — in feet, at the 
rate of nearly 200,000 miles per second ; and it takes about 
eight minutes for light to reach tis from the sun. In other 
words, supposing we could place a screen on the sun's surface, 
and again instantly remove it, it would be about eight minutes 
after we lost sight of the sun before we should again see its 
light Some of the fixed stars are so distant from us, that 
twenty years would elapse if one of them was suddenly extin- 
guished, before we should be aware of the feet by the loss of its 
light 

Our young friends will be able to remember the speed at 
which light travels, when we tell them that it takes about one 
second to travel from the moon to the earth, a distance of about 
200,000 miles. 

Experiment 4. — In passing through a tunnel, if you observe 
the effect of a lighted cinder falling from the engine, you will 
find that the mortar of the bricks forming the sides of the 
tunnel is distinctly shown in every part The moment the 
cinder is passed, the mortar seems to run past you in straight 
lines. 

Experiment 5. — ^Tie a piece of red-hot wood to a piece of 
string, and turn it round i-apidly in a circle. You will not see 
separate lights, because the eye can only take in ^ vdi^ \»8^ks:L% 
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not less than the eighth part of a second in passing to it. Foi 
this reason you observe the running lines we spoke of in oui 
last experiment. 

Experiment 6. — ^Tum round the same piece of wood in i 
dark room, and let a friend at the same time discharge a Leydei 
jar, so as to obtain a spark from it You will now see th< 
piece of wood at rest when the spark passes, showing how verj 
much more rapidly light travels than does the wood through th< 
circle. This will explain to you how, in our previous observa 
tions, we were enabled to see every brick and piece of mortar ii 
the tunnel, where the light travelling from the cinder so faj 
exceeded in rapidity the rate at which the train travelled 
in reaching the eye. 

Experiment 7. — Colour may be produced by breaking up oi 
refracting a ray of light For this purpose let light fall on t 
prism of glass; that is, a piece of glass having three sides 
You may obtain one of these from any glass-cutter ; in fiict i 
pendant fit)m a chimney ornament will answer the purpose 
Hold one of these so that the sun's light may pass through it 
and let the rays be received on a wall or sheet of paper. Bj 
placing the prism so tiiat a ray of light may pass through ii 
(see fig. 3), the light will be divided into three primary colours 
blue, yellow, and red. Besides these, other colours are visible 
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which are produced by the union of those we have named 
thus the ray on paper will appear to have in all seven colours 
as in our diagram above. 

Experiment 8. — Place in any one of these colours, as receiver 
on a sheet of paper, a coloured ribbon, or, in faxst, almost an; 
object You will find that it will appear of the same colour a 
the ray in which you place it. 

We learn from this, that what we call colour iB simply owin| 
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to rays of light of that kind being sent to our eye which corre- 
sponds to a similar colour in the spectrum ; and that the colour 
of the object may be changed so long as we retain the object in 
a ray of light of a different colour to that itself possesses. 

By the word " spectrum," we mean the rays of coloured light 
as produced by the prism on the sheet of paper or other surface. 

The rainbow is produced by exactly similar means. The 
rain-drops act as a prism ; and dividing the white light which 
fells on theii' surface, send from each drop the different coloured 
rays just as our prism does. 

Experiment 9. — Mono-chromatic, or single coloured light, 
is that which affords only one colour. We miist hei*e request 
you to try the following experiment : — 

Dissolve common salt in spirits of wine, and put some of 
the solution on some tow or in a plate. Then set fire to it, and 
all surrounding objects will appear almost of the same single 
colour, if the experiment is tried in a dark room. 

Experiment 10. — Colowr produced by Soap Bubbles, — 
Blow a soap bubble in the usual way, and watch, as it increases 
in size, how great a variety of beautiful colours it presents. 

Experiment 11. — ^A bottle in which you may produce these 
colours at any moment may be thus made. Put a little water 
into a Florence flask, and let it boil over the spirit-flame. 
When boiling drop into it a piece of Castile or shaving soap, of 
the size of a pea. Have ready a cork that perfectly fits the 
neck of the flask. When the soap is all dissolved, remove the 
flask from the flame, and instantly cork it, covering the whole 
of the top of cork and neck with sealing-wax, to keep it air- 
tight. On cooling, you will find that if the soap and water are 
shaken up, some splendid rings of colour are produced across 
the flask, and of every hue. The advantage of this arrange- 
ment is, that as the flask contains no air, the soap-rings last 
much longer before breaking, than do the soap bubbles of our 
last experiment. A common bottle of any sorb will do for the 
purpose if it is heated gradually. 

Experiment 12. — Drop a small quantity of oil on water. 
Colours will be produced as in our last experiment. They are 
all due to the thin plates formed giving off colours such as we 
obtained by means of the prism. The thick plates afford red 
colours, and as the plates go on decreasing in thickness we have 
orange, yellow, green, blue, and lastly, when very thin, a black 
plate is produced. 

Experiment 13. — Another instance of colour being produced 
by thin plates or lines is that of mother of pearl. To show that 
the colour of this is not in the pearl, take an impressioi:\. ^c««sl 
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it by means of the best black sealing-wax. You will find that 
the fine lines are transferred to the wax, which will now exhibit 
a vast vaiiety of colours on its surface. 

Experiment 14. — Melt some lead in a ladle, and then clear 
its sur&ce completely of dross ; if you hold it in the light, you 
will observe beautiftil colours formed, as in our previous experi^ 
Qients, owing to the various thicknesses of the oxide of lead pro- 
duced on the metal. 

Experiment 15. — To show how the variety of colours is 
produced, mix together different powders : thus, a red and 
yellow will produce an orange ; blue and yellow, a green ; blue 
and red, a purple. Chrome yellow, prussian blue, and red-lead 
may be used for this purpose. 

In the same way you will find that the vast variety of colours 
produced in daily Hfe by the dyer's art are due to the mixture 
of different tints. 

An excellent effect in di*ess and decoration is produced by so 
arranging colours as to have near them what are called ilieir 
accidental or complementary colours. Thus, gold looks brightest 
when contrasted with blue ; articles of a red colour when 
placed near green ones. Those desirous of learning more of 
these subjects should consult a work by M. Chevrejil on colour. 
The reason of this contrast will appear on your trying the 
following experiments : — 

Experiment 16. — Look steadily for some time on a bright 
yellow-coloured piece of paper. On looking aroimd you will 
find every object of a greenish tint. 

Experiment 17. — Repeat this experiment by looking on 
sheets of various-coloured papers. The colour which then 
seems to invest other objects Ls the *< accidental " one to that 
you have been intensely looking at. 

Experiment 18. — Paint on a circular piece of cardboard the 
seven different colours named in our Experiment 7. They 
should be painted in the same order as represented in the 
spectrum ; and the card may be placed on a pin at its centre. 
Make the card to spin rapidly round on the pin. The colours 
will now seem to unite and produce a gi-eyish white colour. 
This is often shown at lecture tables for the purpose of pro- 
ducing white light from its various colours ; and is, of course, 
the exact contrast to the experiment with the prism. 



LENSES AND MAGNIFYING GLASSES. 

Having thus by our experiments examined into the cause ot 
eoJoiir, we /shall now attempt to explain to you how lenses 
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act, such as are employed in magic lanterns, telescopes, micro^ 
scopes, &c. 

Experiment 19. — Lenses are always made of glass for ordi- 
nary use, but for delicate microscopic purposes some have 
been made of the diamond and other precious stones. A very 
simple one may be made of water, by dropping one drop on a 
piece of window-glass, and holding the glass with the water- 
drop downwards. This will then assume a kind of circular 
form, as in fig. 4. 



Fig. 4. 

This simple affair really forms a good microscope, as we shall 
afterwards explain, and shows our young friends how easily some 
interesting branches of science may be studied. 

The following diagram will give you some idea of the shape 
of different lensea 

Kg. 6. 
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1 is a plano-convex lens. 

2 is a double-convex lens. ^ 

3 is a meniscus lens like a watch-glass. 

4 is a plano-concave lens. 

5 is a double-concave lens. 

6 is a concavo-convex lens. 

The focus of a lens is that point beyond the lens where all 
the rays passing through it meet together ; thus the point A, in 
the next diagram, is the focus or focal-point of the rays passing 
through the double-convex lens. (See fig. 6.) 

Experiment 20. — Hold a common magnifying glass in the 
sun's light so that all its rays passing through shall be focussed 
on a piece of black cloth, or the end of a lucifer-match ; — either 
of these will be ignited. This will teach you how heat and 
light passing from an object may be collected together and 
thrown on one point. 

Experiment 21. — ^Fill the bulb of a thermometer tube with 
water and place it in the focus, as in the last experiment. You 
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wOl find that, although cloth and paper may be burned, still 
that the water will not become heated. 




Fig. 6. 

Lenses are used to magnify objects, or, in other words, to 
bring more rays to the eye than the eye can collect by itself ; 
hence their employment in spectacles, telescopes, &c., of which 
we shall hereafter speak more fully. 

In our past experiments we have simply dealt with a ray of 
light once refracted or bent by means of glass. We shall now 
introduce a substance by means of which we can produce what 
is called double refiraction, or, in other words, we shall ttmce 
bend a ray of light 

Experiment 22. — Obtain a piece of Iceland spar, which you 
may do for a shilling or two at the optician's. Place it on a 
printed paper. The letters will all appear double on looking 
through the spar. In fig. 7, No. 1 illustrates the eflfect. 



Fig. 7. 




No. 2. 



No. 1. 



No. 1 is a piece of Iceland spar, through which the letters A B 

appear double. . ,, i. . i. 

No. 2 illustrates the separated i-ays passmg through the spar. 
A8 we shall have to speak again of this substance when referring 
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to polarized light, we shall dismiss it for the present, and intro- 
duce a few experiments on the reflection of light. 



REFLECTION OF LIGHT. 

We see no object except by the "reflection," or "sending 
back," of the rays of light from its surface ; and hence form, 
colour, size, <fec., are impressed on the mind by the rays of light 
passing from an object and producing their effect on the eye. 

We may here, to some extent, explain how it is that we see. 
To make ourselves understood, we must divide the eye into two 
parts, the black part, or pupil of the eye, acting as a lens, and 
the back and the invisible part^ called the retina, acting as a 
screen to receive the rays passing through the front part of 
the eye. 

In the eye of man but one lens is foimd, and by contracting 
or enlarging it we are enabled to suit ourselves in viewing 
distant or near objects. In the eye of insects, so many as 200 
or 300 of these lenses are found. The fly's eye is a network of 
them, and presents a beautiful appearance under the microscope. 

The retina of the eye is a kind of network ending in the seeing 
or optic nerve ; and it is by means of this nerve that objects 
are recognised by the mind, and which enables us to connect 
the mental with the mechanical act of seeing. 

But you will ask, how it is that, having two eyes, we do not 
see double ] Sir John Herschell replies : — " It is a matter ot 
habit An object (a small globe or wafer suppose) is before us 
on a table ; we direct our eyes to it — ^that is, we bring its image 
on both retinae to those parts which habit has ascertained to be 
the most sensible and best situated for seeing distinctly ; and 
having always found that in such circumstances the object pro- 
ducing the sensation is one and the same, the idea of unity in 
the object becomes irresistibly associated with the impression." 

We have quoted the above from his article on " Light" in the 
Encyclopcedia [Metropolitana, to which we refer our readers, 
should they desire a philosophical dissertation on the subject. 

Returning to our " reflections," we here state a law of light 
which has many interesting applications ; it is this. A ray of 
light falling on a reflector is reflected at the same angle as that 
of incidence. 

Experiment 23. — Thus, place a reflector, such as a comm^oiGL 
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looking-glass, so that the sun's rays shall fall upon it ; or sti 
better, ti^e light of a candle, as in fig. 8. 




/ 



Here we have the ray of the candle. A, striking the reflectoi 
B, at c, and we will suppose that d c is an imaginary straigh 
line touching the point c, where the ray falls on the glass. T( 
see the ray at c, the eye must be placed anywhere in a straigh 
line, B c. Now, if you measure angle A c D with the angle e c £ 
you will find them to contain each the same number of degreef 

The angle A c D is called the angle of incidence, and the angl 
BCD, the angle of reflection ; and as they are always equaJ 
you may easily, by arraying a number of mirrors, take the ligh 
from a parlour to any part of the house. 

Experiment 24. — ^To illustrate this, place outside of th 
parlour-window a looking-glass, so that it shall form an angl 
of 45® with the window. You may now sit with your back 
say to the south end of the street, supposing you have places 
your glass feeing south-east ; and by looking at the face of tb 
mirror, your eye being directed to the north-west, you will sei 
everythimg passing in the street southwards, with the mos 
perfect ease. 

"We have been particular in our' description, so that yoi 
might not misunderstand us. You may tell your young friend 
that you know how to see behind you, and so amuse yourselves 
This plan is used in some of our seaside resorts, where th* 
apartment has no direct view of the sea. Thus, supposing tha 
you reside in a long street, whose end is seaward, you ma^ 
arrange a looking-glass, so as to always have a sea-view bj 
reflection. 

This arrangement has been proposed for use in mines when 
it would be unsafe to have candle& A similar plan is employe< 
in large towns for the purpose of lighting back warehouses an< 
oeUam 
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Reflectors of a curved form, made of either silvered glass or 
polished metal, are used for the purpose of both collecting and 
diffusing rays of light. 

The simplest one we can name to you is a watch-glass, 
whose hack is coated with mercury. On presenting such a 
reflector to the rays of a candle, you will find that the light is 
brought to a focus just as if you had employed a lens. 

A tin-basin, a meat-screen, the reflectors used in light-houses, 
in the lamps of railway-signals, and in common carriage-lamps, 
are all instances of what are called concave, or hollow reflectors. 
The outside of a polished teapot, a silvered glass globe, and 
such other reflectors, are called convex ; and whilst the former 
condense the light to a focal point, these diverge or spread the 
rays in all directions. 

Experiment 25. — ^You may easily make a concave reflector, 
by getting the coppersmith to hammer a piece of copper of a 
circular shape into the shape of a watch-glass. When com- 
plete, it should be twelve inches in diameter; and by then 
cleaning the inside surface with nitric acid and a little emery 
powder, you may get a rough polish. This miist now be 
improved by rubbing it with fine rotten-stone and sweet oil, 
until it reflects the features of the fe.ce completely. It should 
now be electro-plated (see "Electro-Chemistry"), and after- 
wards polished by rubbing it with Tripoli powder, spirits of 
-wine, and cotton wool, commencing with the centre of the 
inside until you arrive at the edge. Two of these should be 
made, and with them you may try a vast variety of interesting 
eii^periments. 

You can have blown at the glass-maker*s two concave glasses^ 
and silver their OTitside with mercury, as described in our Chemi- 
cal Experiments. These may be purchased ready-made, at most 
looking-glass makers'. 

We have given the former method, as you m6,y succeed in it 
"♦dth a little patience and hard work. For very elementary 
experiments, two common gas-reflectors will do ; these may be 
obtained either at the tinsmiths', or of the gas-fitter. 

The convex mirrors are made by either polishing the <mtdd4 
of the metal, or the insides of the glass-reflectors. The tisei of 
each we shall describe in our fiiture experiments. 

Experiment 26. — Ascertain the focal point (see Experiment 1 9) 
of one of these concave reflectors, by holding it so that the light 
of a candle may fall on it, and at the same time letting the 
smoke of some smouldering brown paper rise in firont. Yot 
will detect the focal point by noticing the place where the tnja 
from the mirrors cross each other, as illustrated ixL^%. 9^. 
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You will thus observe that a reflector of this form acts on 
the rays of light as does a lens. In the lens, however, the rays 




Fig. 9. 

pass through ; but with the reflector the i*ays are cast off its 
surface. 

Experiment 27. — Stand before one of these reflectors ; you 
will find a highly-magnified image of the face thrown from it, 
and you will thus learn that a concave reflector can magnify 
the image cast on its surface. 

For this reason, these reflectors are used in constructing 
what are termed reflecting telescopes, of which we shall speak 
hereafter. 

Experiment 28. — Bum a little blue fire on an elevated place, 
say on the top of the house, and hold the reflector behind it. 
The rays will be sent to a great distance. 

Reflectors of this kind are employed in lighthouses, and the 
light from a lamp may thus be seen at a great distance at sea. 
Revolving lights are produced by causing the reflector to revolve 
round the lamp. The light is thus sometimes cut offi and by 
means of clock-work is made to successively illuminate the 
whole horizon. 

Experiment 29. — Place your two concave mirrors face to 
fiice at a few feet distant from each other, and in the focus of 
one place a red-hot ball of iix)n, or a little chlorate of potass and 
sugar. In the focus of the other place a small piece of phos- 
phorus. You will find that the heat and light produced from 
the ball, or on setting fire to the chbrate of potass, &c., will be 
reflected from one mirror to the other, and that the heat will be 
sufficient to inflame the phosphorus. "We here have an instance 
of the reflection of light and heat at the same time. 
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ARTIFICIAL LIGHT. 

Having in our previous pages attempted to give you some 
idea of the nature and laws of light, we now proceed to examine 
its different applications, commencing with artificial light. 

In our own day, the chief means of obtaining light is that of 
combustion. "We have already drawn your attention to this in 
our Chemical section, under the heads of " Oxygen," " Hydro- 
gen," and " Carbonic Acid." And with respect to candles and 
lamps, we may just observe that the light obtained by their 
burning is just in proportion to the speed with which the char- 
coal of the fuel is allowed to combine with the oxygen of the 
air. We thus foimd that, if a candle was immersed in a jar of 
oxygen, the light was greatly increased, and that, by admitting 
oxygen in the centre of a gas or oil-flame, we obtained a brilliant 
light, called the Bude-light. 

There are two lights which are not produced solely by com- 
bustion ; namely, the lime light and the . electric light. The 
electric light we have already mentioned in our Voltaic Experi- 
ments. With respect to the lime light, we suggested a modifi- 
cation of it, under the name of the oxy-calcium light, but the 
following description of the apparatus requii*ed for ite production 
may be interesting, more especially, as the New Westminster 
Bridge has been lately lit with it. 

Two bags or gas-holders ai*e filled respectively with oxygen 




Fig. 10. 

and hydrogen gases, and a pipe leading from each is connected 
with an oxy-hydrogen blowpipe (fig. 10). 
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The engraving illustrates the usual form of blowpipe. In 
the jet a small pipe runs from the stopcock marked o, and 
by means of this the oxygen does not mix with the hydrogen, 
which is supplied through H, until near the end of the jet This 
arrangement prevents any danger of explosion, by keeping the 
gases separate. On the left is a small cylinder of lime, against 
which the burning gases impinge. To use this apparatiis, the 
hydrogen is first allowed to pass through its stopcock, h, and is 
ignited at the end of the jet, its flajne playing on the lime 
cylinder until that is quite dried The stopcock of the oxygen 
pipe, o, is now opened very gradually, and the gas passes up 
the narrow tube, mixing with the hydrogen near the end oi 
the jet. 

As soon as the two gases ignite together, a brilliant light is 
produced from the lime cylinder, owing to its particles being 
volatilized. That such is the cause may easily be shown by 
removing the lime for a moment, when, although the flame is 
of enormous heating power, it aflbrds little or no light. 

This has been called the oxy-hydrogen, the lime, and also the 
Drummond light, from the fact that a gentleman of that name 
employed it &st for illuminating purposes. A company has 
been latelv formed for the purpose of extending its employment. 

The objecliion to both this and the electric light is, that the 
shadows produced are so deep. In positions where a single 
light of great power is required, they, however, are certainly of 
great value. 

We must here also notice a new light which has lately been 
proposed by Mr. Holmes, and is now in use at the South Fore- 
land Lighthouse. 

It is obtained by the revolution of magnets in front of pieces 
of soft iron, surrounded with copper wire, by which electricity 
is produced and employed to ignite charcoal points, just as we 
described under the head of Voltaic Electricity. Its value, 
like the electric and lime lights, depends on its intensity. In 
feujt, either of these lights is invaluable for the purpose of light- 
house illumination, because the light has the power, to a great 
extent, of penetrating vapour, fogs, &c. In one instance the 
lime light was seen at a station nearly one hundred miles from 
the place of its exhibition, of course reflectors being used to 
condense and direct the rays. 

As one of the most interesting applications of light, we shall 
introduce remarks and experiments illustrating the Safety, or 
Davy Lamp. 

Experiment 30.- — The Dtwy, or Safety Xamjp.— To under- 
stand the principle on which Davy's lamp is constructed, place 
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a piece of wire gauze over a gas-jet, and light the gas under- 
neath the gauze. You will find that the flame will only bum 
beneath, and will not pass through the gauze. You can try the 
same with the common spirit-lamp. 

Experiment 31. — Bepeat this experiment by opening the 
stopcock and allowing the gas to pass thrcmgh the gauze. If 
you now apply a light to the top, you will find that the gas 
bums on the sur&ce, but does not ignite that underneath the 
gauze. 

Experiment 32. — This is owing to the metal of the gauze 
conducting away the heat of the flama You may prove this 
by placing a coU of copper wire round the flame of a candle, 
when, owing to its conducting power, the wire will extinguish 
the lights although it does not touch the wick. 

To Sir Humphrey Davy is accorded the merit of applying 
these piinciples to the construction of a lamp which might be 
safely used by miners in places wherein a large quantity of coal 
gas is escaping. We, however, must not omit to mention that 
a strong claim has been made in favour of the late eminent man, 
Robert Stephenson, as the inventor of the safety lamp. Each 
of these men have, however, sufficient fame not to lose an iota 
by sharing between them the honour of the invention ; and we 
would here point out to our young friends two noble examples 
of men who rose to the greatest eminence purely by their own 
exertions and abilities. 




PHOTOGRAPHY. 



We shall now bring before you a variety of interesting 
experiments, illustrating the different means employed for 
obtaining pictures by the agency of light ; and by a little 
attention and care, you may soon attain to a sufficient knowledge 
of the art as will enable you to copy a great variety of objects. 

By referring to our remarks in the Chemical section on Silver, 
you will find that some of the salts of that metal change on 
being exposed to the action of light. But these are not the 
only substances which may be so changed ; solutions of other 
salts produce the same result, and give pictures varying in 
colour according to the substance employed. 

We will first suggest some experiments which will introduce 
you to the elements of photography, and shall afterwards give 
full instructions as to the different means employed for giving 
the best results in obtaining pictures on glass, <kc. 

Experiment 33. — Place a piece of glazed note-paper on a 
solution of common salt in water, and let it remain for some 
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little time, so as to make it imbibe the salt in its pores. This 
is best done by placing the end of the paper next the finger, on 
the surface of the liquid, and drawing it until the whole of the 
paper is wetted on one side ; then leave it to soak for a short 
time. The object of this is to prevent air-bubbles settling on 
the surface, and so marring the pictura 

When properly moistened, hang the paper to dry, first mark- 
ing the sidted side with a pencil, so as to distinguish it. When 
quite dry, place tiie salted side, face downwards, in a solution 
of nitrate of silver, of the strength of fifty grains of the salt to 
an ounce of distilled water. The paper may be left on this for 
ten minutes, after which it must be hung up to dry in a dark 
place. This part of the process must be done by candle-light, 
because the salt of silver thus placed on the paper surface soon 
changes by the action of light. 

Having pi*epared a few sheets, they may be kept in a port- 
^ f<^o ready for use, but of course out of daylight. 

Experiment 34. — Expose a piece of this paper to the action 
of daylight, covering a portion of it by any opaque substance. 
You will find that the exposed part will soon turn black, the 
hidden part keeping white. 

Experiment 35. — ^Place a piece of black net, lace, or a leaf, on 
a piece of this paper, and then expose to the sun for twenty 
minutes. Wherever the daylight has penetrated, a black mark 
will be produced. The net preventing the light from passing, 
of course will also prevent it from changing the colour of the 




Fig. 11. 
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paper. On removing the article from the paper, you will find a 
complete copy on its surface. This copy will be exact in all 
respects ; even the finest fibre is thus copied (See fig. 11.) 

The article should be pressed on to the paper surface by 
having a piece of plate-glass resting on it. A child's transparent 
slate is a very convenient mode of arranging the paper, &o, A 
piece of window-glass is first placed in the frame instead of the 
ground-glass ; on this the article to be copied ; next the paper 
with its prepared face against the net ; and lastly, the back of 
the frame is to be put into its place. On now turning the glass 
toward the sun, the process will at once commence. 

Experiment 36. — A photograph thus taken is not permanent, 
because the white parts are still liable to change, and would 
soon become black by exposure to daylight. To prevent this, 
and to retain the picture, you must ^ it ; that is, you must 
remove the sensitive portion still on the paper. If the salt of 
silver were soluble, this might easily be done by soaking it in 
cold water. But chloride of silver is insoluble in that fluid, 
and we therefore use hypo-sulphite of soda. Dissolve some of 
this salt in water, and on removing the picture from the frame, 
immediately place it face downwards on the solution, and leave 
it thus for some time. The solution will soon dissolve off, the 
chloride of silver be left unchanged, and the paper should be then 
left for some time in cold water, to wash out any soluble matter. 
It may afterwards be dried and pasted on a piece of cardboard. 
It will not be subject to any frirther change after being thus 
"fixed." 

We recommend our young friends to repeat this simple experi- 
ment several times, so as to get the knack of practising. Suc- 
cess in photography depends on regularity, neatness, and care ; 
and the sooner these qualifications are acquired, the better. To 
impress the order in which the different operations are con- 
ducted, we repeat them, 

1. Salt one side of the paper. 

2. Mark the salted side. 

3. Dry the paper. ' 

4. Place the paper with its salted face downwards, on a solu- 
tion of nitrate of silver for about ten minutes. Do this at 
night. 

5. Dry the paper in the dark. 

6. Keep it in a dark place. 

To take a copy o/hi}ey/em9y dau 

1. Place the paper so prepai^ed with its silvered lace *to the 



THE "POSITIVE PIOTURE. 



207 



% Place over this a pieoa of plate-glass, or use the transparent 
slate. 

3. Now e^^pose to daylight or the sun's rays, until the 
uncovered part is of a dark mulberry tint. 

4. Take the frame into a dark room, remove the paper, and 
place it, face downwards, in a solution of hypo-sulphite of soda 
for some little time. 

5. Wash abundantly in cold water, and dry. Your picture is 
now finished. 

The repetition of this process several times having to a cer^ 
tain extent initiated you into the art and mystery of photo- 
graphy, w« now proceed to show how you may obtain copies 
which shall present a copy of the object as it really appears. 
The one you have made is what is called a negative ; that is, 
the dark parts of the object are represented in the photograph 
by light lines, and vice versd. 

Experiment 37. — To obtain a positive copy, — that is, one 
presenting the same appearance as your object, — ^place the 
negative picture, face downwards, on another piece of the pre- 
pared paper ; in fact, just substituting the negative copy for the 
lace. Place the two papers in the frame as before directed. 
The light will pass through the white parts, and darken the 
paper beneath. The dark parts of the negative will prevent 
the passage of the light, and so leave the paper beneath entirely 
untouched. You will thus obtain what we call a positive pic- 
ture, and have oue presenting the same appearance as the object 
itself has. (See fig. 13.) 




Fig. 12. 
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This must afterwards be removed and fixed, as we have 
before described. Our diagram illustrates the appearance of 
the positive picture when finished. Fig. 1 1 gives an illustration 
of a negative one. 

We have hitherto only mentioned the preparation of a very 
simple kind of paper, because we did not wish to course by 
making our instructions too extensive. We, however, append 
recipes for the preparation of other papers, which give much 
better results, and which you can employ when your hand is 
somewhat accustomed to manipulate. 

Paper ready salted and covered with albumen is sold by all 
photographic chemists. It only requires placing in the silver 
solution, by which it is made sensitive to the action of light. 
Of course it will require fixing when the picture has been 
taken. 



PHOTOGRAPHIC PAPER RECIPES. 
Salt Solution 



! Common Salt 1 ounce. 
Water 1 pint. 



g;w«« ffl«i«*,-.^« } Nitrate of Silver... 60 grains. 
Silver Solution ... | ^^^^^ ^^^^ ^ ^^^ 

Another — 

o ^4, a ^ i^ S Sal Ammoniac ... 30 grains. 
S^* Solution I ^^^ 1 %^^^ 

cj., o 1 x: 1 Nitrate of Silver... 100 grains. 
Silver Solution ... | ^^^^ ^ ^^^ 

The proportions may be varied for other purposes. In every 
case use distilled water. We have previously given you in our 
section on Heat, an easy plan for making a still from a common 
kettle. If common water is used, its salt attacks the nitrate of 
silver, forming the chloride, and thus wasting it. To give you 
some idea of the necessity of using distilled water, and also of 
cleanliness in all your photographic attempts, we invite you to 
try the following experiment. 

Experiment 38. — Presuming your hands are to all appearance 
quite clean, pour into a glass jar half a pint of distilled water, 
and also a little of the same into a clean wine-glass. Rinse 
your hands a few times in the water in the jar, and then add a 
few drops of a solution of nitrate of silver to it, and also to the 
water in the wine-glass. The latter will produce no change, 
but the water in the jar will have thrown down from it a white 
precipitate of chloride of silver, owing to the common salt pre- 
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sent, which has been obtained fix)m the perspiration of your 
hands. 

We have often observed the annoyance of young photo- 
graphers on finding black patches on their pictures ; this is 
frequently owing to the fingers having been incautiously placed 
on the paper. !N'othing is more essential than care in this 
respect, if you would ensure good pictures. 



THE COLLODION PROCESS. 

We shall not adopt the chronological order of discovery in 
arranging the processes of photography ; but as by collodion we 
are enabled most readily to procure the best results in the art, 
we now proceed to describe its use. 

Collodion is, as we have stated in our Chemical division, 
composed of gun-<x>tton dissolved in ether and spirits of wine. 
It is sold ready prepared at all the photographic chemists ; and 
we advise you to purchase it thus, as you will not be likely to 
prepare it yourself, and there is no difficulty in getting any of 
the photographic materials by post from the large towns in any 
part of the kingdom. It is purchased under the name of 
" iodized collodion ; " that is, collodion to which iodine is 
already added. 

We need scai'oely tell you that you will require a camera for 
taking likenesses and views. These are expulsive, but the 
camera is the most important part of your apparatus. The 
simple one we shall describe under the head of Optical Instru- 
ments will not answer the purpose, and you will not be able to 
construct one with sufficient care as to ensure good results. 
We, therefore, shall give you illustrations of the camera and 
other apparatus required, remarking that all may be purchased 
in one lot^ at a price varying from thirty shillings upwards to as 
many poimds. 

THE PHOTOGRAPHIC CAMERA. 

Our illustrations below will give you an idea of the usual 
form of cameras. In one the image is focussed by moving part 
of the framework of the camera (fig. 13). In fig. 14, the 
focussing is effected by means of luck-work fixed on the brass 
tube holding the lens. The latter is most convenient 

At the back of the camera a slide fits in, which is intended to 

-« 
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Fig. la 



Fig. 14. 



hold the glass plate on which the likeness is taken. A flap or 
shutter in front is placed so as to protect the plate from the 
light till after it is lixed in the camera. (See flg. 15.) 





Fig. 16. 



Fig. 16. 



A dipping bath is used for holding the silver solution into 
which the plate, previously coated with collodion, is dipped, to 
render it sensitive to the action of light. The plate rests on a 
holder, as in fig. 16. 

Both the bath and frame may be made of gutta-percha. The 
object of the fr-ame is to prevent the wetting of the fingers in 
the silver solution. 

THE WASHING DISH. 



' For this a common soup-plate will do very welL Or you 
may make a gutta-percha 1a*ay, ten inches square and two inches 
deep. You should have two of these, one for developing and 
the other for fixing. 

We proceed now to each detail of the process, and shall sup- 
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pose that you commence practising the art by taking a photo- 
graph of a plaster of Paris bust. 

Haying procured some glass plates, which are made and cut 
specially for photographic purposes, the first and essential pro- 
cess is to clean the plate. On the care you here exercise will 
much of the effect you will obtain be due. A dirty plate will 
be covered with spots, the collodion will not adhere, and, in fact^ 
on scrupulous cleanliness all your results will depend. 

To clecm the Plate, — Hold the glass over the fliaine of a gas or 
spirit-lamp until it is moderately hot. By this you drive off a 
film of air which rests on every polished sxirfaca We have 
never heard this recommended, but always practise it ourselves. 

The plate is now to be lefb till cool, and must be cleaned and 
polished thus : — Pour on it a few drops of a mixture of ammonia 
and spirits of wine. Rub this well over the surface by means 
of a Httle cotton wooL Now wash well in distilled water, and 
let the plate drain, so as to remove the liquid. It must now be 
dried by means of a sofb cloth, and then polished by a soft 
chamois leather, which has been previously cleansed by washing 
and drying. You must take care not to touch the face of the 
plate in any part with the fingers while polishing with the 
leather, which should be dry, warm, and fi'ee from dust. We 
generally lay the glass on one leather, and polisdi its sur£su;e 
with another one, and so prevent any chance of greasing by the 
hand. 

To cover the Plate with Iodized Collodion. — Hold the plate 
with its cleaned sur&ce upwards, and quite horizontally, as in 
fig. 17. 




When the collodion is poured on to the centre of the plate, 
allow it gradually to spread in an even manner over every part 
to each edge, so that all may be equally covered. This requires 
dexterity, and therefore practice ; but you will eventually 
succeed in obtaining an even film by care and patience. Then 
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diain the plate by holding one of its edges at the mouth of the 
bottle. 

To make the Plate eensitive. — ^This process must be con- 
ducted in a room into which no light can possibly enter. 
We will call this the dark room. We have been accustomed 
only to employ the little light produced by burning a lamp 
fed with spirits of wine, to which salt has been added. The 
yellow flame will not hurt the plate. 

The dipping-bath must have been previously prepared. It is 
to be filled with a solution containing, in the following pro- 
portions, — 

Nitrftte of silver 40 grains. 

Distilled water 1 ounce. 

Pkce the plate on the frame (see fig. 16), or if large enough, 
dip it> without the frame, into the solution, taking care not to 
allow the collodion film to touch any part of the vessel, lest it 
should be injured. Introduce it carefrilly and continuously ; 
leave it for half a minute, then withdraw i^ and return it again 
to the bath. It should be immersed about two minutes sdto- 
gether. It must be drained from all superfluous solution. 

The plate must now be placed in the dark frame of the 
camera (see fig. 15), and is ilien ready to be transferred to that 
instrument. 

To kike the PicPwr^. — Having already placed your camera in 
position, and obtained a good view of tiie object on the ground- 
glass plate, remove this, bring your sensitive plate in its frame 
(see &g. 15), and covered with a black cloth, from the dark 
room, and place it in the frame whence you have removed the 
ground-glass, covering all with the cloth, to exclude light, of 
course, with the front of the plate to the lens. Put on the 
brass cap which fits at the end of the tube, and now cautiously 
slide up the b]ack flap in front of the frame holding your glass 
plate. The cap may now be removed from the front of the lens. 
The light will proceed from the object^ and its rays will 
instantly affect your plate. 

The time for exposing will depend on the weather ; and here 
we can give you no rule. In your experiments count thirty in 
a leisurely manner, which will be about equal to half a minute. 

The cap must now be replaced. The flap in front of the 
glass plate let down, so as to cover the face of the plate again ; 
and l&ting up the frame so as to let the black cloth completely 
cover it, remove all into the dark room. 

To develop the Irnage. — ^We shall presume that you desire to 
obtain a "positive" picture. As our directions have been given 
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with that idea, we shall now direct you how to obtain one. The 
frame having been brought into the dark room, the glass plate 
must be carefully remoyed, and placed on a wine-glass,^ standing 
in one of the washing dishes we have already described. 

On the collodion film the following solution is to be poured 
very gently, from a bottle or glass with a lip. It is made of the 
following ingredients : — 



Proto-sulphate of iron 
Nitric acid 
Acetic acid 

Alcohol 

Distilled water ... 



40 grains. 
2 drops. 

20 „ 
1 ounce. 



We are indebted to Mr. Hennah for this recipe, and have 
always found it successful. 

As the solution is poured on the plate, the image is gradually 
produced. The process must be stopped when the picture is 
sufficiently developed, and the next step is to fix it. By this 
you prevent the further action of light. Wash the plate 
abundantly in water before you attempt to fix the picture. 

Immerse the plate in the other washing dish, which should 
be filled with either of the following solutions : — 

Hypo-sulphite of soda 4 ounces. 

Water 16 „ 

Or— 



100 grains. 

ater ...* 16 ounces. 



Cyani< 
Watei 



Of the two we much prefer the latter. After using either of 
these, the plate must be well washed, to free it from every tiuce 
of the salt. We generally allow water to run on it gently from 
a tap, and then immerse it in distillld water. The plate is then 
drained, and being held over the flame of a spirit-lamp, is to be 
gradually dried. 

It must now be backed with a solution of asphalte in naphtha. 
This black varnish is sold by the chemists, but in extreme casetsi 
common Brunswick black may be used. 

The picture being now complete, may be mounted and fre- 
served for any length of time without danger of change. 



NEGATIVE PICTURES. 

These pictures are, of course, the reverse of the positiyes, and 
are employed for obtaining copies on paper. The process up to 
developing is the same as that for positiyes^ except tisA^ ^i&i^ 
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collodion film should be rather thicker, and the plate should be 
exposed for a longer time in the camera. 

After bringing the frame into the dark room, place the glass 
on a wine-gla^ in a clean washing dish, and pour gently over it 
some of either of the following solutions : — 

Froto-sulphatd ofiron ... 1 ounce. 

Acetic acid 12 minims. 

Distilled water 1 pint. 

Or— 

Pyro-gallic acid 5 gxiuns. 

Glacifu acetic acid 40 minims. 

Distilled water 10 oimces. 

(This must be filtered before use.) 

The plate must then be well washed, and may then be fixed 
as we mentioned for positives. 

To preserve the collodion from injury, it should be coated 
with a very thin cover of copal varnish ; and it may, when dry, 
be used for the purpose of obtaining positive pictures on paper, 
for which we will, give directions. 

Tb obtain Positive Paper Copies from Negatives. — On a piece 
of sensitive paper, prepared as in Experiment 33, place the 
negative picture obtained as above, with its face downwards. 
The two should now be put into a copying frame, or in our 
child's slate substitute, and exposed to the action of daylight. 
By this you will obtain a positive copy, which must be fixed 
and dried. A negative will give you any number of positive 
copies, and thus you may distribute such to any extent amongst 
your friends. The albuminized paper is the best for this pur- 
posa ^ 

In the preceding instructions we have given you what we 
know may be reckoned on as sure to prove successful, providing 
you observe all proper precautions. We may just add the follow- 
ing remarks, so as to impress certain essential points on the 
mind : — 

1. Be sure your glass plate is perfectly clean before using it. 

2. Let the collodion film be even in thickness in every 
part 

3. Dip the plate continuously into the silver solution. If you 
hesitate or stop as you dip it^ a line will be formed across the 
plate, which will render it useless. 

4. Take care that no light faUs on the plate until you allow 
that which passes through the camera lens. The slightest 
eaqfosure otherwieie will spoil it. 
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5. Do hot shake the camera as you introduce the dark slide. 
If you do, you will lose the focus, and get an indistinct picture. 

6. Keep the black cloth over the top of the slide whilst the 
plate is in the cameiu, lest a little light should pass in at the top 
opening. 

7. Develop your pictures gradually, and keep out all light 
fi-om the room in which you do it, except that we have recom- 
mended. Some use a candle or low gas-flame, but these injure 
sensitive plates. 

8. Wash cai-e^lly the plate before attempting to fix the 
picture ; and after fixing, wash well in cold water, or the picture 
may be stained and so spoilt 

Do not choose sunshine on the objects you are photographing^ 
because this makes the lights too white and the shadows too 
deep. A dull day gives often the best pictures. This is partly 
owing to a blue tint, or the prevalence of blue rays at such 
times. You may even observe this by looking at a distant land- 
scape, which will always present a blue tinge just before rain. 



THE DAGUERREOTYPE. 

We shall not go into details of this process, because it is so 
rarely employed at the present time. We shall also omit any 
description of the Calotype and other modes of obtaining light- 
pictures ; but before concluding this part of our subject, we 
must refer you, amongst many other valuable works, to tiiose 
of Professor Hunt, viz. his " Manual of Photography," and of 
Messrs. Sparling and Martin on " The Photographic Art," 
either of which you may consult. From these books you may 
obtain every information, and we have to acknowledge that to 
the study of the former we are indebted for most valuable 
instruction and assistance in our own career in photography. 
Our desire has been to give you an insight into this interesting 
bi-anch of applied science ; and if you wish to pursue it in its 
various uses, we leave you in full possession of every informa- 
tion, by referring you to the works we have named. 



PORTRAITS TAKEN BY ARTIFICIAL LIGHT. 

We are not aware that any accounts have been published of 
the mode of taking likenesses at night In the yeas \^^ ^^ 
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used, eveiy evening!' during our lectures on photography at the 
Polytechnic Institution, Glasgow, to take a likeness by means 
at the electric light. The battery power was fifty cells of 
Grove's battery, each platina exposing an active sur&ce of 
twenty-four square inches. The lamp employed was a modifica* 
tion of Duboscq's, and the time of exposure varied from thirty 
to fifty seconds. The great objection to such photographs is 
the bright nature of the white parts, and the intense shadow of 
the dark ones. 

A gentleman of the name of Moule has lately patented a pro- 
cess wherein he employs what he terms the photogenie lamp. 
We have frequently employed the blue fire mentioned in our 
Chemical Experiments, and find the restdts softer than those 
obtained by the electric light. We believe that Mr. Moule uses 
a somewhat similar composition. 



COLOURING PORTRAITS. 

All attempts at obtaining the colours of objects, by direct 
photographic action, have hitherto entirely failed, although 
faint hopes are entertained that success eventually vsdll accrue. 

Photographs are now coloured by painting on their surface 
with various pigments applied by means of a fine camel-hair 
brusL 

The success of these depends entirely on the delicacy of the 
taste and skill of the painter ; and in many cases the absence of 
these qualifications is evidenced by the ludicrous daubs which 
" ornament" the show-boards with the cheaper sort of produc- 
ticms. 

The application of oil-painting to photography has been, in 
many cases, highly successful, and some beautiful results are 
obtained. In these instances the photograph is merely used for 
the purpose of obtaining the outlines of the features, and the 
shade and expression of the face. The colours are painted over 
the photograph, and so give life and expression to the picture. 



PRETOSEPS PROCESS OF PRINTING BY LIGHT AND 
ELECTRICITY. 

We must not omit mentioning a process invented by a 
gentleman of the name of Pretcsh, of Vienna. Employing a 
ghjBB plate, on which has been poured a mixture of glue. 
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bichromate of potass, nitrate of silver, and iodide of potassium, 
he has been able to transfer engravings and photogi*aphs thereto 
by exposure to light. Those parts of the glue which have 
received the light become hardened, whilst the others beneath 
the dark part of the picture, remain soft. On moistening this, 
the soft lines immediately rise beyond the level of the plate, 
and produce exactly the same appearance as the plate would if 
it had been engraved. A copy of this is taken, and being 
black-leaded, it is covered with copper by means of the voltaic 
current. (See om* section on Electro-Chemistry.) 

From this another copy is taken, and thus a complete 
engraved plate is produced, from which any ntunber up to 600 
copies may be printed on paper. The only difficulty in the 
matter is the softness of the electro-deposit, which will not 
permit more impressious than those we have . mentioned to be 
taken from one plate. 

The inventor kindly showed us the entire process some years 
ago ; and certainly it appears most beautiful in its results ; and 
is an astonishing application of two forces — flight and Elec- 
tricity — ^to the purpose of engraving without the assistance of 
human agency, so &r as skill is concerned. 

The engravings produced have rich soft tints; and whilst 
seeming to be the production of the engraver, have, if taken 
from photographs, all the fidelity of nature itself. 

In the foregoing experiments and remarks, we have given 
you the bare elements of this wonderful application of the force 
of light. There is, however, no part of photographic practice 
which will not afford you much amusement and interest. Every 
object capable of casting a shadow may be copied by you ; and 
to so great an extent has the art been lately employed, that the 
"likenesses" of the sun and moon are now often sold in the 
shops. Indeed, some of the most interesting appearances of 
the sun during the eclipse of July, 1860, were taken by these 
means. 

The art of taking stereoscopic pictures is too difficult to be 
attempted by our young friends. We shall refer to the stereo- 
scope under the head of Optical Instruments. 

The head-piece to this section illustrates a variety of ap- 
jparatus generally used by photographers. 
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We ihall now give a de- 
scription of aome optical in- 
stniments, many of which you 

can construct yourself, and which will afford you a large variety 
of amusement. As one of the most simple of these, we com- 
mence with the camera. 

Have made a box of tin or zinc, say ten inches long, six 
inches wide and four deep, with a lid at the top, extending, as 
in our diagram (fig. 18, A, B, c), and hinged so that the lid may 
shut down, or open, as required. A hole must be made at the 
other end, in the centre of the box, large enough to receive a 
lens, say an inch and a half in diameter. 

The lens, a double-convex one, may be &stened by means of 
a little putty at d. The box must be blackened inside with a 
little glue and lamp-black. In the other end, under the lid, fix 
a piece of looking-glass, as wide as the box, and at such an 
le as iihat it will throw the rayd of light passing from the 
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lens through, in a straight line, on to a piece of ground-glass, F, 
which is to receive the image, and on which you view it. The 
rays will be I'eflected from e to f. 




Fig. la 

Experiment 39. — ^Place the camera at a parlour window, 
and on looking on F you will observe an exact image of every 
external object. 

Experiment 40. — ^By means of a camera you may take the 
likeness of a friend, or a drawing of any object. For this 
purpose place a piece of thin paper over the glass, F, and trace 
the lines on it by means of a lead-pencil. 

Another kind of camera may be easily constructed, which 
being placed on the top of a house will give a complete picture 
of all surrounding objects on a white screen or table, placed 
beneath it. To construct one of these, fix a lens, horizontally, 
in a tin tube, and outside of the tube attach a piece of good 
looking-glass, as in fig. 19. 

The tube, lens, and glass may now be fixed, by means of a 
rod, to a table, and black cloth hung roimd so as to exclude all 
light, except that coming through the lens. If this arrange- 
ment is now fixed at the top of the house, or other elevated 
place, and a sheet of white paper placed on the table, the 
images of distant objects will appear on the paper ; and you 
may thus enjoy the surrounding scenery, and sketch it on the 
sheet of paper. Fig. 19 will at once illustrate the construction 
of this instrument. 

The lens and tube are made to turn round, or the looking- 
glass may be so arranged as to turn instead ; and th.\3& ^q^\&s5:| 
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scan the whole hcnrizon, and enjoy the view of the landscape, by 
thJ£ simple and easily-constructed camera. 




Fig. 19. 

Photographers use a camera constructed on the same prin- 
ciple; but instead of receiving the image, as in fig. 18, they 
place the glass upright, in front of the lens ; and the prepared 
plate is introduced in the place of the ground-glass^ after 
focussing, and receives the image from the object you are about 
to take a photograph o£ Arrangements are also made to focus 
the lens in front, so aa fco obtain a completely-defined picture. 
A full description of this class of camera is given under our 
section on Photography. 

By aid of a camera, our young friends may obtain a vaat 
amount of amusement ; and to very young folks it affords an 
excellent means of learning to draw. The first one we have 
described is one of alight cost, say of not more than a couple of 
shillings altogether. 



THE MAGIC LANTERN. 

Magic lanterns are now sold at so low a price, that we shall 
Jioi give any iostLOLction as to making one, but rather give you 
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such hints as may enable you to exhibit the pictures in a suo- 
cessfiil manner. 

The parts of the lantern requiring most oare are the lenses 
and the lamp. The lenses should be carefully taken out of their 
frames, and cleaned by nibbing them first with a little cotton 
wool, soaked in spirits of wine, and drying them by means of 
an old silk handkerchief They should finally be polished with 
a soft chamois leather and replaced. Take care that the lenses 
are warmer than the air of the room in which you are about to 
exhibit, otherwise they will be covered with moisture, and 
entirely spoil the effect of the pictures. You can warm them 
by having the lamp lit some time before you show the pictures. 
Its heat will answer well for this purpose. The lamp should be 
carefully trimmed, so as to leave an even edge on the cotton 
wick ; and always use the best sperm oil, as it gives the clearest 
flame in an oil-lamp. Be careful that the centre of your flame 
is level with the centre of your lenses, or, in other words, a 
straight line drawn from the centre of your lamp-flame should 
pass through the centre of both lenses. 

Our young friends may apply the oxy-calcium light men- 
tioned in our Chemical Experiments (" Oxygen"), inst^wi of the 
oil-lamp. For this purpose the bottom of the lantern should be 
taken out, and the blow-pipe jet placed opposite a piece of 
lime, the flame of the spirit-lamp being between the two. The 
jet should be connected, by means of an india-rubber tube, 
with a bladder or bag filled with oxygen. The bladder being 
placed on the floor, should be pressed by a board on which there 
is a weight; on opening the stopcock, the oxygen will issue 
from it through the jet, and, forcing the flame of the spirit- 
lamp on the piece of lime, will produce a beautiful white lights 
fer exceeding the effect of sevei'al oil-lamps. 

The lime should be filed fi*om the lump into the form of a 
cylinder, say one inch long and half an inch thick. A small 
hole is to be bored half-way through at one end, by means of 
which the lime can be hxmg on a wire in fix)nt of the jet As 
the lime gets hard, and sometimes in holes, by the force of the 
flame, it shotdd be turned now and then, so as to expose a 
fr^sh suiface. 

The application of this light to a magic lantern wonderfriUy 
increases the effect of the pictures. Mr. J. J. Griffin, of Bunhill- 
row, has favoured us with an engraving of one which he employs. 
It is a convenient form, and we therefore append a description 
of it. 

Letter a, fig. 20, represents the spirit-holder ; h is the wick- 
holder, in which there are three tubes for separate wioka \ <i ^sas 
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the tube which brings oxygen gas from the gas-bag, the supply 
of the gas being regulated by the stopcock on c ; d is the jet 
by which the gas is directed into the fliEtme of the spirit-lamp^ 




Fig. 2a 

the wicks of which must be so arranged that the gas does not 
strike upon the cotton and produce a ragged flame, to which 
end the wicks must be carefully spread on the two sides ; c is 
a wire for supporting the lime-cylinder, which is shown apart 
hj/; and ^ is a milled head, for turning the cylinder, so as to 
present different sides of it to the action of the flame. The 
front end of the apparatus, represented by fig. 20, is put bodily 
into the lantern, through an opening made for that purpose in 
the back of the lantern. Letter hy fig. 20, shows a sl^d which 
serves to support the spirit-lamp, or an oil-lamp. 



PISSOLYING VIEWS. 

Two magic lanterns properly arranged can be made to afford 
what are called disssolving viewa There is no difficulty what- 
ever in managing this, provided your lanterns throw equal-sized 
pictures on the screen. The lanterns are to be placed side by 
side, and quite level. You must then place before them a 
piece of zinc of the shape represented at d, d, in ^g, 21, ao that 
each piece may alternately be in fit)nt of one lajitem. Our 
illustration (^, 21) will give you an idea of the whole arrange- 
ment. 

Letter a represents the slide-holder; 5 is a slide partly 
inserted into the holder ; c is part of the rack-work for adjust- 
ing the lens to the picture. The adjustment is regulated by the 
appearance of the picture on the screen, d, d is the dissolving 
appa/rcUus ; that is to say, the apparatus for making one picture 
^fradually disappear while ano^er gradually comes into view 
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before the spectators. This change of pictures is managed thus : 
— The bar,/, attached to the screen, d, e, d, ascends and descends 
in a collar that is screwed to the &ont of the box on which the 



Fig. 21. 

apparatus is mounted. It is provided with a rack, which is 
acted on by a pinion marked g. This pinion is turned by a 
handle. Supposing the pair of lanterns to be in action, and 
each lantern to contain a slide ; one of these slides will give a 
picture upon the white screen, while the other is stopped by the 
upper limb of the screen, d. If then the screen, d, e, d, is 
gradually raised, by the turning of the handle, h, which causes 
the racked bar, /, to ascend, the acting slide will gradually be- 
come covered by the rising comb of one end of the dissolver, while 
the other will, in the same proportion, become uncovered by tk<& 
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lisixig comb of the other end of the disaolver ; so that, when the 
first picture is quite obscured, the second will be quite developed. 
In that manner the first picture is made to dissolve or gradually 
fade into the second picture. At e, in fig. 21, the dissolving- 
screen, dy df has a hinge, the use of which is to admit of suddenly 
cutting off the action of the picture in the corresponding lantern. 
This action is required for the exhibition of lightning and other 
sudden effects. The change of slides in the lanterns is made 
when each nozzle is alternately obscured. The tui*ning of the 
rack-work, by which the dissolving is effected, must be slow, 
I'egular, and noiseless. 

We have here given the plan usually employed in the 
lanterns. We, however, will give another one which we used 
ourselves in the lanterns of the Glasgow Polytechnic, which is 
extremely simple in its construction, as you will see by fig. 22. 

No. 1 is a piece of wood, with the holes, which are placed 
exactly opposite to the ends of the lantern lenses. 

No. 2 is a slip of wood, made to slide at the back of No. 1. It 
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Fig. 22. 

is evident that only one of the holes, as cut in this, can be open 
at the same time with those in No. 1. Thas the right-hand 
ones ai-e both open ; but supposing that the slip is moved to the 
right hand, then the right-hand hole will be closed, and the left 
one opened. Thus by sliding No. 2 to and fro at the back of 
No. 1 the views are dissolved. 

The screen on which the views are shown may be either 
transparent or opaque. A calico or linen sheet will do very 
well, and should be well and tightly stretched, so as to leave no 
creases on its surface. K the screen is opaque, both the spec- 
tators and the lanterns are in front of it A nice effect is pro- 
duced by having the lanterns behind the screen, which in that 
case should be wetted. By this arrangement the lanterns are 
hid from the spectators, and if placed in one room, with the 
screen hung between the folding-doors, say of two parlours, you 
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may increase and decrease the size of the picture by moving the 
lanterns to and fro. 

For home use two lanterns of three-inch diameter of the lens 
next the light will do very well. These lenses are called the 
condensers. Those employed in the Polytechnic, JRegent-street, 
are nine and a half inches ; but those we had in Glasgow were 
of enormous size, being lenses each twenty-eight inches in 
diameter, and having been blown hollow, were filled with dis- 
tilled water. 

We should recommend you not to purchase, but to borrow the 
slides ; by so doing, you may always (if resident near a large 
town) secure a variety, and all the opticians are glad to lend 
them at a small charge, for the evening's use. 



THE OXY-HYDROGEN MICROSCOPE, AND HOW TO MAKE 
ONE FROM A MAGIC LANTERJ^. 

This instrument is, in every respect^ similar to the magic 
lantern, except that its magnifying power is very much greater. 

We had purposed to give you directions for applying a 
magic lantern, lit with the oxy-calcium light, as a microscope ; 
but we fear that the details would be such as to require more 
optical knowledge than perhaps you may possess. 

You may, however, easily get an optician to fit in front of 
the lenses of the magic lantern one or two powers, and so make 
a tolerably eflGlcient microscope. We once Converted one in this 
way ourselves, and the whole cost did not exceed five shillings. 
The only thing required is te lengthen the tube, and at the 
further end, near the lenses, to make a slit, in which the objects 
are te be placed. You will thus perceive that the arrangement 
diffei-s very little fixjm that of the magic lantern. Great care 
must be taken that all the lenses' centres are in one straight line. 
We knew a friend who expended £30 over a microscope, in 
attempting to remedy some imaginary defect. On simple in- 
spection, we discovered that all that was required was just 
bending a piece of brass straight, which had, for want of this, 
thrown a lens out of the line of centres. The lenses should be 
kept perfectly clean ; and if at all dirty at any time, they should 
be cleansed, as those of the magic lantern, by the plan we have 
already described. 

Until you have a microscope of this class you may show thte 
following objects, considerably magnified by the lantei:\i^\aT\fcN — 
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Make a glass trough, just big enough to fit in the slit wherein 
you put the slides or pictures. This may be done by making a 
fimme of wood, half of an inch thick and three inches high, 
having two sides, as seen in fig. 23. 

Now cement on each side of it a piece of window-glass,' by 
cove'ring each side of the frame with melted gutta-percha or 




Fig. 23. 

india-rubber, and pressing firmly the glass previously warmed ; 
leave this till quite co^d. It is used for holding water in which 
insects may swim. Having filled it with water, put in some 
small water-insects, such as water-fleas, beetles, &c., and place 
it in the slide-rest of the lantern instead of a view. The in- 
sects will be largely magnified, and you and your friends 
will be highly amused at seeing their image on the screen. 
They will be fighting, biting^ and eating each other, and racing 
through the water at great speed. 

In such a trough* as this you may exhibit, either in the 
microscope or magic lantern, all kinds of water-insects, weeds, 
(fec< ; and we shaU give you a list of such as you may easily 




Fig. 24 

find in ponds by making and using a net of the form repre- 
sented in fig. 24. 

It is simply made of a ring of wire fastened to a handle, on 
which a piece of muslin is tied, so as to hang like a bag. 

In searching for water-insects you must dredge the pond at 



xouNTHfG OBJBcra 327 

its edges, and, having a basin by you, turn the contents of your 
net into it On arriving home, pick out and keep in separate 
clean glass bottles the insects of each kind. We have often, in 
the course of an hour, gathered as many as a dozen different 
kinds. Change the water in your bottles every morning, and 
cast out any dead insects. By so doing, you may always keep a 
supply alive by you. In most ponds you will find, at different 
times of the year, some of the following insects : — 

Water beetles. 

Water fleas. (These are excellent objects.) 

Water lice. 

Worms in the mud. 

Larvse of the dragon-fly Two of these placed together in 
the trough will generally start a fierce batiile, ending in th« 
destruction of one, and sometimes of both. 

The decomposition of water is a pretty object. A small 
piece of silver is put in the trough (see fig. 23), which is then 
filled with sulphuric acid, diluted with water. On touching the 
silver with a piece of amalgamated 'zinc, bubbles of hydrogen 
gas are given off. 

Other objects should be placed between two pieces of window- 
glass, whose edges are pasted over with paper, to keep out the 
dust Be careftd to pick the glass quite free from wavy marks, 
as these would otherwise appear on the screen, and mar the 
effect. Fig. 25 will show you how to mount the object. 

In this illustration we have two pieces of window-glass 




Fig. 25. 

pasted together by paper edges, with the object enclosed between 
the glassas. 

Living insects may be instantly killed by putting them into 
a jar of carbonic acid gas, already referred to in our Chemical 
section (see Experiment 42). This gives them no pain, and 
at the same time leaves them in the best state for mounting. 

We suggest the following as interesting objects, most of which 
may be mounted as above : — 

Butterflies of any kind. 

Flies. 

The wings of flies. 

The legs of flies. 
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The eye of a fly. 

The dragon-fly. 

Feathers. 

The down of feathers. 

Beetles. 

Mites in cheese. 

Thin leaves of a tree, especially the currant and poplar. 

Fern leaves. (These are very pretty objects). 

Iron filings, left loose in the glass, to which a magnet is now 
and then brought. This will show the magnetic curves. 

Crystallization of salts. A clean piece of glass is placed in 
the slide, on which a drop of a hot solution of common salt, or 
Epsom salts, is placed. As the moisture evaporates, the salt 
crystallizes, producing a very pretty eflect. 

Hair, of various animals. 

Down from the wing of the moth. 

Fishes' scales. 

Spiders, and their webs. 

The sting of a bee. 

Sections of wood, showing its pores and rings. 

String, cotton, linen, silk, &c. 

We need not go farther with our list. Every object in 
nature will afford you at once amusement and instruction of the 
most interesting kind. 



THE MICROSCOPE, SINGLE AND COMPOUND. 

We have mentioned how readily you may construct a simple 
microscope, by means of a drop of water and a piece of 
window-glass. (See fig. 4.) We shall now go more folly 
into a description of various arrangements by which you 
may be enabled to study some of the most interesting liBWjts ot 
both animal and vegetable productions. 

The microscope derives its name from two Greek words, and 
signifies " small," " see-er." In fact, its powers enable us to 
investigate the use and construction of objects far too small to 
be seen by the unassisted eye, and introduce us to a field of 
wonder only equalled by that which the telescope enables us 
to perceive in the heavens. 

A common lens, or magnifying-glass, is, in eveiy respect, a 
mici*oscope, and for examining many objects will be foimd very 
useful A thermometer-bulb, filled with water, can also be 
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used for the same purpose; but a still better instrument, and 
one which will answer many purposes, is the Stanhope lens. 

This is mad^ of a lens which is ground doubly convex ; it is 
generally about half an inch deep and wide, and mounted in a 
bmss or silver frame. One of these is represented in fig. 26. 
They may be purchased at from half-a-crown 
upwards, and you may examine by them the 
animalculse in water, mites in cheese, and a 
vast variety of minute objects. We strongly 
recommend our young friends to procure one 
of these little instruments. One can be p. og 

carried in the waistcoat-pocket; and your 
country walks may be made to afford you a vast amount ol 
valuable information, if you continually examine the objects 
you are passing. 

We have known some of our young friends who have 
delighted to spend a day in one field ; and who have arrived 
home at night with a rich store of microscopic curiosities, whilst 
some of their companions have been, during the same time, 
wandering to and fro ; and, at the end of their day's pleasure, 
returned tired and spiritless, simply because they have found 
nothing during their excursion wluch has excited their interest, 
having never sought for it. 

Fig. 27 illustrates an instrument called the Coddinton lens. 
It also forms a good microscope. 

Having mentioned single microscopes, 
we now proceed to describe those of a 
more complex form ; and although we 
cannot hope that you will be able to 
Fig. 27. construct one, we shall advise you as to 

the purchase of one, so that you may 
have pleasure and success in its use. 



COMPOUND MICROSCOPES. 

Microscopes are called compound when they contain two or 
more lenses, and, perhaps, there is scarcely any philosophical 
instrument on which the skill of the optician has been exer- 
cised more than in the construction of these instruments. 

One of the greatest improvements has been the introduction 
of what are termed achromatic lenses, — that is, glasses which 
do not give coloured fringes at the edges of the objects viewed 
through them. Our young Mends, should they •^\\x«Jckaafc ^ 
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compound microscope, must take care to procure an achromatic 
one. 

To make the construction and use of these fully understood, 
we annex a diagram of one of the best form. 

A very good one may be obtained for about three guineas ; 
but by attending the sales of philosophical instruments, you may 

Fig. 2a 




In fig. 28 we have an illustration of the different parts of an excellent 
compound microscope, wherein 

a 18 its stand. 

h 6, two Bu^jwrters on which the microscope reeffcs. 

c, a peg fitting into the frame, ft holds a lens, w, which is used to cart 
li^t on opaque objects. 

d e, the frsune on which the object is ^ced. 

f^ a mirror which throws hght throu^ transparent objects. 

<7, a rack -work for raising and lowermg the tube, I, 

h h, two thumbscrews for adjusting the focus. 

i, a branch on which the tube, 2, is fixed. 

Z, the brass tube holding the lenses. 

The rest of our illustration need not be described, being powers, &c., 
which are added to the microscope for various purposes, and the use of 
which OUT young friends can only underotand by practice. 
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sometimes have a chance of buying one cheaply. We advise 
that you take advantage of the experience of an optician, or 
otherwise you may be sadly disappointed in your purchase. 

As most of our young Mends will not be able to purchase 
an instrument of the size and quality of the one we have 
described, we annex an illustration of a simple one, which may 
be purchased for from ten shillings to a pound. 

Fig. 29 represents one of these. Its principal pai-ts are a, 
the magnifying lens ; e, the frame on which the objects ar^ 




supported; h, a mirror, casting light through transparent 
objects. The other parts in our figure consist in lenses of 
different magnifying powera, which are fixed in the holder, d ; 
and forceps, <&;c., for holding the objects to be examined. If 
you are examining an opaque object, you can easily throw light 
upon it by holding a double-convex lens or burning-glass, so 
that its focal rays shall be cast on your object 

We have thus endeavoured to give you an idea of the eon- 
struction and uses of the leading kinds of microscopes. No 
one need be without one, for the simple one we described at 
page 195, made of a piece of window-glass and a drop of water, 
will do. The Stanhope lens, which is cheap, is also excellent ; 
and whichever kind you employ, you will find that a moat 
interesting field of study and amusement is thereby opened out 
to you. We shall now attempt to assist you in getting objects 
for your microscopic studies. 
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OBJECTS FOR THE MICROSCOPE. 



You will require a net by means of which you may cai/ch 
insects without the danger of spoiling their wings. The one we 
described at page 226 will do. Let the net form a bag of about 
eighteen inches deep from the ring. By just shaking the 
branches of the trees as you pass, and holding the net, sweeping 
it occasionally, so as to receive the insects which fly out, you 
may soon obtain a good stock for the microscope. 

Should you wish for insects only, the best time to seek for 
them is in the evening, just about dusk. Some even go out at 
night with a lantern, and blinding the insects by the light, catch 
a large niunber. This plan is best for butterflies, moths, and 
others of this class. 

Caterpillars are chiefly found on the bark, and underneath 
the leaves of trees. They ai*e excellent objects for small micro- 
scopes. The hair, the colours, the feet, and the eyes are very 
interesting. 

In the ditches of a field you will find a vast variety of worms 
of all sizes and appearances ; and in the stagnant water you may 
discover scores of animalcules of every conceivable shape. Many 
of these are the larvae of flies, <fec. 

Gnats and other insects are mostly found buzzing near the 
hedges and underneath the branches of trees. Their wings are 
very small, and present a great number of different colours. 

The dragon-fly's wings, body, and eyes are very excellent 
objects. These insects may be found fljing over ponds and near 
rivers. 

Beetles abound in most of our fields, and will be found 
amongst the grass. . Their legs are well worthy of notice. 

You will find a large number of green insects on the leaves 
of rose-trees. The garden and hedge will also afford you the 
bee and wasp, whose sting and wings will prove interesting. 

Amongst vegetable objects we may hint at the following : — 
The flower and seeds of the thistle and dandelion ; the down of 
many leaves ; the structure of different sorts of grasses aid 
weeds, ferns, sections of wood, <fec. ; leaves of flowei-s, their 
petals, &c. ; the down of flowers ; roots of plants and their 
fibres, or " suckers ;" water-plants ; chick-weed and its root ; 
mosses, fungi, or vegetable productions of the mushroom kind ; 
and other such matters. 

The skin of the human body, its perspiratory pores, the hair, 
&c,, also foim excellent microscopic objects ; in fact, were we to 
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attempt to enumerate all such matters, we should have to make 
a list of everything on the face of the earth, an attempt which 
we most respectfully decline to perform. 



THE TELESCOPE. 

The telescope derives its name from two Greek words, signi- 
fying " to see at a distance." It is almost impossible for you to 
construct one sufficiently accurate for viewing landscapes, &c. ; 
but we shall show you how to make one at a little cost, which 
will enable you to view through it some most interesting astro- 
nomical facts, — such as the spots in the sun, the moon's moun- 
tains, Jupiter's satellites and belts, Saturn's ring, &c. We are 
indebted to Dr. Dick for our description, and transfer his in- 
structions from an interesting work of his, entitled " The Tele- 
scope and Microscope." 

To construct a Simple Astronomical Telescope, — "A telescope 
of this kind may be easily constructed, and at a small expense. 
Procure a double-convex lens, about thirty-six inches' focal dis- 
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Fig. 30. 

tance ; place it at the end of a tube, as at A, b. At thirty-seven 
inches' distance from this glass fix another, c, d, whose focal 
distance is one inch. This glass must be fixed in a separate 
shoii; tube, e, f, which should be made to slide backwards and 
forwards in the large tube, for the purpose of adjusting the focus 
of the telescope to the eye. 

" In constructing such a telescope, the following particulars 
require to be attended to : — The aperture or opening which lets 
in the light at the object-glass, a, b, should not exceed one inch 
in diameter, otherwise the image of the object will be somewhat 
confused. There should be a hole (or stop) in the focus of the 
eye-glass, c, d, rather less in diameter than the breadth of the 
glass, for the purpose of excluding the extraneous rays." 

A telescope constructed as above will magnify thirty-six times ; 
and we must explain to our young friends that by object-glass, 
we mean the lens placed at a, b j and the ey^-^baaa Ss^ >0ca5^ 
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through which we Icx^ — that is, l^e one at c, d. The clDst of « 
telescope of this sort will be about five shillings ; the tube maj 
be made of tin or zinc, blackened inside. The use of the metal 
stops at the ends is to give greater clearness to the image. 
They are made by fixing in front of each lens a piece of metal 
with a hole in its centre ; which, to correspond with our tele- 
scope, should be one inch in diameter for the large end, and 
half an inch for the narrow or " eye-piece " end. 

Take care that the lenses are fixed so that their centres shall 
be in one straight line. This telescope shows all objects inverted, 
which is, however, of no consequence in astronomical uses. 

To relieve the tediousness of our description, we shall relate 
an anecdote which we met with in Scotland, which shows that 
telescopes may have various uses. A Highlander, after looking 
through a telescope at the moon, and astonished at what he saw, 
requested to be allowed to take another peep. Meanwhile the 
wag of an assistant had lowered the range of the instrument so 
as to bring in view a distant public-house. Our Highland 
friend on again looking through was astonished at seeing the 
8)gn-board of an inn, stating "Usher's Edinburgh ale sold here." 
He instantly exclaimed, — " Hey, mon, I didna ken they sold 
ales in the moon ! " 



THE COMMON TELESCOPK 

In this instrument four lenses are employed, and the image 
presented is an exact representation of the object to which the 
instrument is directed. 

Achromatic telescopes are constructed which have many 
advantages over those we have described. The term achi*omatic 
means, " without colour," or, in other words, the lenses being 
made of two different kinds of glass, the effect of colour 
observed at the edges of objects viewed through ordinary lenses 
is entirely prevented, and the value of the instrument propor- 
tionally increased, especially when required for astronomical 
purposes. 

BEFLECTIKG TELESCOPES. 

We must not omit to mention that telescopes are made with 
reflectors, although it will be beyond your power to construct 
one. 

In these the image of the object is received by a concave 
speculum, as it is called, and viewed by means of an eye-glasa 
~'ie spectator often has his back to that which he is viewing. 
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We shall describe the following for the purpose of giving you 
an idea of their construction. 

The chief forms of the reflecting telescope are those of Gregory, 
Newton, and Herschel. 

In that of Gregory the spectator looks through the telescope. 
In that of Newton the image is received by a reflector, and is 
viewed by an eye-glass on the side of the instrument. In 
HerscheFs telescope the spectator looks down the tube at the 
speculum and with his back to the object. 

Keflecting telescopes have been made of all sizes, the largest 
being that of Lord Bosse. This has a speculum six feet in 
diameter, with a tube fifty-six feet long, and is moimted between 
two walls of masonry. 

Its magnifying power is such that a space of a few feet square 
could be observed distinctly on the face of the moon, and thus, 
if any large buildings existed in it^ we should be able to detect 
their presence. 

Our young friends should embrace an opportunity of visiting 
an observatory, and of thus getting an idea of the construction 
and use of these interesting instruments. 



THE STEREOSCOPE. 

Since the practice of photography has become so universal, 
opticians have constructed an instrument by means of which 
the flat surface of the photograph may present to the eye all 
that appearance of solidity which is observed in nature. We 
are indebted to Sir David Brewster and Professor Wheatstone 
for the optical instrument called the stereoscope, or as we may 
say, the " solid-viewer," which affords us this result. 

As these are sold so cheaply we shall suppose that you have 
purchased one, and simply wish to know how it is that by 
looking through the two lenses, the picture seems to be solid, or 
rather gives a solid reflection to the eyes. 

We refer you to our remarks on the eye, and the explanation 
afforded by Sir J. Herschel in reference to our seeing objects 
singly with two eyes, which we have quoted (see p. 197) ; but 
beyond this we may state that the photograph itself is taken in 
two views at the two different angles which the picture would 
present if viewed by each eye separately ; being placed in the 
stereoscope, the rays passing firom the two pictures reach the 
eyes through the lenses ; and these presenting tisa "\fts*j«s«b 
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at what we may term the eye-angle, give them, to the eye of the 
spectator, the appearance of solidity. 

In many cases some little haziness is observed when looking 
through the lenses. This is chiefly owing to the pictures not being 
placed so that the interval between them shall be exactly opposite 
a line drawn perpendicularly between the eyes. You must bear 
in mind that the position of the pictures and'lenses must just 
correspond to what we have called the eye-angle. If," for in- 
stance, you cut an ordinary stereoscopic double picture in half, 
and place the halves out of this position in the stereoscope, you 
will observe two pictures instead of one. 

You may construct a very cheap stereoscope by carefully fol- 
lowing out the arrangement illustrated in fig. 31. This instru- 
ment was invented by Professor Wheatstoue, and is called the 




Fig. 31. 

reflecting stereoscope. One can be made by fixing a frame, a a, 
at each end of a board. The frames must have two pieces of 
wood at their sides, which are to be arranged so that a picture 
may be kept upright in them, — a slit in each frame will do. In 
the centre of the board two pieces of flat, best looking-glass, 6, 
must be fixed at such an angle (45") as that they shall reflect 
the image of the picture to the eyes when the nose is so placed 
as to be exactly opposite the centre line between them, c. , 

Our remarks on the " angle of incidence " will assist you in 
the arrangement. (See page 198.) 

In using the stereoscope, place at each end a picture, and 
standing opposite to the centre line, c, between the glasses, 6, the 
two images will be reflected to the eye, and will appear solid. 
Great care is required to keep the pictures upright, as if ever so 
little out of position the effect will be marred. 



THE POLARISCOPE. 
We now enter into what is a rather difficult, but most inte- 
xasting subject, and we shall endeavour to make its principles 
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as plain to be understood as possible ; affording you, at the same 
time, some most beautiful experiments. 

In a previous part of this work we have spoken of magnetic 
poles (see Magnetism). We there told you that the north and 
south pole of a magnet had certain properties. Now, as in a 
needle we divided these two opposite states of magnetism one 
from the other, so are we about to get the poles of a ray of light 
by dividing it by means of double refraction. 

This illustration of polarized light is not strictly scientific, 
but it will assist you very materially in understanding what we 
mean, and this is an object we always keep steadily in view. 

Experiment 41. — By placing a piece of plate-glass on any 
writing, you only see the letters once reflected to the eye ; but 
by using a piece of Iceland spar you will find that two sets of 
reflections are sent to the eye — in fact, you see double, without 
at all breaking the rules of sobriety (see page 196). 

Now, without mystifying you with a long tale of " undtda- 
tions of the waves of light," &c. &c., which you would not 
imderstand, we simply tell you that if you bind together 
twenty or thirty pieces of clean window-glass, and place this 
bundle so that light shall fall on it at a certain angle, such light 
will be polarized; that is, the ray will be divided into two. 
One of these will be reflected, and the other will pass through 
the glass, or, as we say more scientifically, it will be trams- 
mitted. 

Experiment 42. — How to make a Folariscope. — Obtain two 
tin tubes, each six inches long, and about two inches wide ; 
and let one be so much narrower than the other as just to 
allow it to slide and turn round inside of the other easily. At 
one end of each tube fix a piece of glass-plate, whose back has 
been blackened. These plates must each be fixed at an angle 
of 33° ; that is, about a third of a right angle. The tubes 
should be blackened by rubbing them on the inside with lamp- 
black mixed with a little glue. 

Experiment 43. — If you now look on the face of either 
glass-plate^ you will see the reflection from the other, if they are 
both in the same line. You will, however, find that on turn- 
ing one round, in an entire circle, the light is twice lost and 
twice reflected ; and thus you have obtained the polarization of 
Hght. 

Experiment 44. — The above is a very simple piece of ap 
pardtus, but we shall now describe one which is so very cheap, 
and at the same time so very effective, that we strongly advise 
you to purchase one, costing five shillings, as the most econo- 
mical way of studying, the beautiful effects of polarized li^s*K 
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You may obtain others at the instrument-makers, but they are, 
generally speaking, very expensive. We accidentally discovered 
this at the South Kensington Museum, a day or two ago, and 
give you the advantage of our information on the subject in the 
words of the inventor. 

DESCRIPTION OP BESTALL*S POLARIZING APPARATUS. 

The apparatus for showing the above beautiful phenomena in 
glass, acids, salts, crystals, &c. — adapted for night or day — con- 
sists of a polarizing mirror, glass-stand for the proper angle, 
analysing tube, all of the most simple and cheap form, with all 
the properties of the most expensive apparatus. (See fig. 32.) 




Fig. 32. 

Directions for using BestalVs Polarizing Apparatus. — Hold 
the box, A, in one hand; pull the tongue, b, with the other, 
and that will give you the mirror and the glass for the proper 
angle. Place the black mirror in the box. A, with the reflected 
part upwards. Place the glass for giving the angle on the 
mirror, as in the drawing. Place the object on glass, c, and 
the ground glass to the light Place it on a table by the window 
for day ; for night a light to reflect about half-way up the 
ground-glass. Place the analysing-box to the eye, turn it 
gently round, and sit about two or three feet fix>m the ap- 
paratus ; look at the object, and you will get the phenomena of 
polarized light. 

By turning the analysing-tube round, you will get the 
primary and complementary colour. 

You can take the analysing-plates out of the tube when you 
wish to clean them, but be particular in placing them in the 
same position. 

We have made a section of the box, in case you might forget 
the position, d. 

Having thus described the instrument, we proceed to men- 
tion the effects you will observe in its use. Pieces of various 
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crystals, sndi as nitre, plaster of Paris, &c., when looked 
through by the naked eye, simply appear transparent, like 
common glass. When, however, you view them by means of 
polarized light, they present the most splendid colours ima- 
ginable. A vast variety of substances may be examined ; and, 
perhaps, there is no branch of science which presents such 
iinlooked-for changes as you will thus be enabled to witness. 

We have already explained what is meant by complementary 
colours. By means of the polariscope you obtain the primary 
and complementary colours in objects viewed by it. The 
instrument has been employed for a great variety of purposes, 
but our limits will not allow us to pursue the subject further. 

We must not omit to give you the address of the inventor. 
It is 1, Victoria Cottages, Kennington Park, London. Objects 
ready cut and mounted may be purchased of any optical instru- 
ment-maker, and may be obtained in great variety. 

We must now conclude our remarks on the interesting sub- 
ject of Light Under the head of Natural Magic, we shall 
describe other optical effects, and some instruments, such as the 
kaleidoscope, &c., which we have omitted here to mention. 

In the previous pages we have, xinder the section of " Light," 
endeavoured to give you a general idea of some of the leading 
laws which have been discovered by men of science. We have 
not ventured to trouble you with any of the theories which 
have been advanced to explain the different effects which we 
have mentioned. We may, however, briefly state, that from the 
time of Sir Isaac Newton to the present day almost every 
philosopher engaged in optical researches has advanced special 
views in reference to the cause of Light. As far as the sun is 
concerned, some have imagined that an enormous combustion of 
some kind of matter is going on, and that from this we obtain 
solar light and heat. Others have thought that both these 
forces are produced by the undulations of waves of ether ; that 
is, an extremely subtle substance of so refined a nature as not 
to be perceived by our senses. This idea has had many fol- 
lowers, because it explains so many effects without doing violence 
to sound scientific reasoning. To illustrate our meaning, we may 
just remind you of the effect produced by throwing a stone into 
a pond. A series of waves are foimed, proceeding from a 
centre ; and in like manner it has been supposed the waves or 
imdulations of light pass to and reach the eye. 

It has been suggested also, that light is a material substance 
of great tenuity ; but careful calculations in reference to the 
speed of light give little coimtenance to this tlv^orj. 
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In our next section on Sound, we shall endeavour to explain 
more distinctly the effect of vibrations of the air ; and if you 
substitute the idea of an ether instead of air, you will under- 
stand many of the laws of what has been called the undulatory 
theory, of which we have just spoken. 

During the last few years some wonderful, discoveries have 
been made ; but still we are as far as ever &om knowing what 
light is. Dr. Faraday and others have succeeded in magnetizing 
a ray of light ; and various researches tend to sanction the idea 
that heat, light, electricity, and magnetism, are each produced 
by a modification of the same cause. But, after all, such is 
mere conjecture, and hitherto we have been unable to fiithom 
the cause of an agent to which we owe most of the pleasures of 
our existence, and without whose presence nature itself would 
cease to be. We conclude by quoting perhaps the most ex- 
pressive and awe-striking sentence in the Scriptures : — 

" God said. Let there be light : and there was light." — 
Gen. L 3. 




EXPERIMENTS IN SOUND. 



Next to the pleasures we derive fix)in the sense of seeing, are 
those afforded ns by the ear conveying sounds to the mind ; and 
we now invite you to consider with us some interesting facts 
and experiments, by means of which we shall be able to intro- 
duce you to another branch of science called "Acoustics." 

Every sound we hear is produced by the vibration of the 
sounding body, and is conveyed to the ear by the vibration of 
the particles of our atmosphere. Thus, if we strike a' bell, the 
metal of the bell vibrates, and these vibrations continue from 
the bell until they reach the ear ; and on their tjeasing to be 
produced, the sound at once ceases also. • 
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Experiment 1. — That vibration is produced when sound is 
given off, may be easily shown by the following arrangements 
Obtain a large glass vessel with a thin edge, and half fill it with 
water; then draw the bow of a violin against its rim. The 
water inside the glass will be thrown into waves, which are 
produced by the vibration of the sides of the glass vessel 

Experiment 2. — These vibrations are both rapid and strong, 
as may be seen by hanging outside of a thin empty glass a small 
ball of wood, so as just to touch it If you now draw the bow 
against the glass, you will find that the vibrations will be so 
powerful as to throw the ball one or two inches from the vessel, 
and it will continue to vibrate for some time, as in fig. 1. 
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Fig. 1. 

Experiment 3. — An ordinary tuning-fork may be taken as 
another instance of the production of sound by vibration. After 
striking it, you will observe that either leg 
7 vibrates as long as the sound is produced, — ^an 
' effect illustrated in fig. 2. 

Experiment 4. — We need not multiply these 

illustrations. A penknife stuck into a piece of 

wood at its point, a string stretched tightly 

_ - between two nails, a table-knife tilted on a 

^^/ plate, — such give instances of the same hind 

T when they are put in motion. 

— ^ '~ Soimds differ in their nature and iuitenslly 

^8* 2. according tp the number of vibrations given 

out in each second of time. Thus, for producing the lowest 
bass we can hear, a vibration of 32 times per second is re- 
quired, whilst 516 vibrations must tsi,ke place to produce the 
sound of treble. Just in proportion to the number of 
vibrations per second, are sounds either low or shrill ; hence, 
as we proceed to strike each ascending note on the piano, so 
does each string vibrate oftener than its predecessor. 



MUSICAL FINOEB-OLASSES. 
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Experiment 5. — A very pretty musical instroment may he 
made by combining a number of glasses together. We will 
suppose that you arrange eight in the ibllowing manner, placing 
them on a hollow box. (See fig. 3.) 




B^g. 1 

They should be chosen so that when vibrating they may ^v« 
off eight successive soimds, corresponding with the eight notes 
of an octave. To ascertain their individual sound, wet a finger' 
with a little lemon-juice, and rub it gently round the rim 6f 
each glass, and then arrange them accordingly. You may play 
any tune on tibem just as you would on the piano, by simply 
rubbing each i*im ; and you will thus obtain a simple, and yet 
at the same time a most pleasing musical instrument. On the 
outside you may paste a piece of paper, indicating the value of 
each note in the octave. In our illustration above we have 
chosen an octave rangiag from C below to C on the third space, 
in the treble stafi[l 

We once created much amusement at a large dinner party in 
a friend's house. The finger-glasses were plsiced on the table, 
and for the sake of miscluef, we rubbed the finger round th«> 
glass before us, and so produced a sharp tone. In a shoH time 
the whole of the company followed our example, andy much to 
the amusement of all present, our experiment converted us into 
a Trmsical dinner-party. Finger-glasses answer this purpose 
most admirably, and in &et would be prefien^ to the tumbler 
had they feet, as they are generally made very thin. 

The Harmonicon is constructed on similar principles. It 
consists of {»eces of window-glass of different lengths, which on 
being struck by a cork hammer afford a very sweet set of notes. 

Our experiments will thus have shown you that all musical 
sounds are produced by the vibration of the parts of the instru- 
ment ; and this law holds good whether you apply the principle 
in oonstructing the organ, piano, bugle, flute, &c. <Ssc. T!x^ i^^«^ 
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18 equally true as regards all other sounds. In tlie case of 
tiiunder, we have the vibration of the air ; in concussions, Ac., 
the vibration of the particles of the bodies, as the causes of the 
noise we hear. 

"We might interest you by stating facts respecting the con- 
struction of various musical instruments ; but as we wish to be 
practical in our details, we now pass on to other matters, and 
leave you to consult larger works treating on the subjects we 
have omitted. 



THE PROPAGATION OR CONDUCTION OF SOUND. 

We hear sounds owing to the power which air and other 
media have of conveying the vibrations to our ears. The 
passage of sound to the ear may be very properly compared to 
the effect of a wave in water. The water scarcely leaves its 
place, although seeming to move very rapidly. You will often 
niDcy, on looking at the water in a river, that it is rushing in 
one direction when it is really going in the contrary, the waves 
on its surface producing the erroheous impression. 

Now, whenever sound is produced, waves of vibrations are 
sent from the sounding body on every side, just as you will 
observe circular waves are formed in a pond on a stone being 
cast into the water. The sounding body forms the centre of 
these waves, and, on the latter reaching the ear, we perceive the 
sound at once. 

Sound travels through the air at a speed of about 1140 feet 
per second, but at different rates in other bodies, according to 
tiieir densities. 

You may easily calculate the distance of a vessel by observing 
the length of time which elapses between the appearance of the 
flash and the arrival of the report of a gun fired on board of her. 
Supposing, for instance, that ^ye seconds have elapsed since the 
flash appeared : you need only to multiply 1140 by 5, which will 
give you 6700 as the number of feet the vessel is distant from 
you ; and dividing this by 6280, the number of feet in a mile, 
you will have her distance at a little more than a mile — 1 mile 
140 yards. 

The distance of a flash of lightning may easily be calculated 
by noting the number of seconds which elapse between per- 
ceiving its light and hearing the sound of the thunder. Multiply 
1140, the number of feet per second which sound travels, by the 
number of seconds which have elapsed ; and if you then divide 
the product by 6280, the number of feet in a mile, you will have 
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the answer in miles and feet. Example, — How far is the flash 
of lightning ofl^ supposing 12 seconds to have passed until you 
heard the thunder % 

1140 ...rate of sound multiplied by 
12"... the time elapsed. 



5280)13680(2 miles. 
10560 

3) 3120 

1040 

Ana, — 2 mfles 1040 yards. 

The more still the air is, the more easily is sound heard 
through it Hence, in the Arctic regions, where the air is 
both dense and dry, and quite still, two persons may converse 
together over the ice, although separated a mile from each 
other. We thus hear distant sounds better in winter time than 
in summer, at night better than by day, and in fine weather 
rather than in moist or , foggy air. However, the speed of 
transit diminishes with the temperature. 

Experiment 6. — That sound requires something dense to 
convey it, will be evident if a bell is rimg inside the receiver of 
an air-pump when the air has been exhausted. This experi- 
ment may be tried by putting a musical snuff-box inside the 
receiver. The sound will be heard so long as the air remains, 
but on the receiver being exhausted, no soimd can be perceived. 

Experiment 7. — The speed of sound varies in different gases, 
being slowest in carbonic acid gas, and most rapid in hydrogen. 
A very interesting set of experiments may be tried by blowing 
the different gases fix)m a bladder through a whistle or organ- 
tube. The sound produced by hydrogen is very much shnller 
than that produced by air. 

The passage of sound is much quicker through solids than 
through air. Indeed, water is a much better conductor than, 
the atmosphere. It is customary for divers to communicate 
their signiUs by simply striking the sides of the bell by means 
of a hammer. The sound is distinctly heard, and the signal at 
once attended to. We shall describe the diving-bell under the 
section on Pneumatics. 

Speaking-tubes are much employed for communicating mes- 
sages ; and in most of the large warehouses and offices in London 
and other towns, they are used for the purpose of saving a vast 
deal of labour to the assistaiits. We must relate to our yoiing 
readers an anecdote of an amusing prank which we played on a 
friend some years ago. 

Being a little anxious as to the success of a ne^ «&^ c^l ^oa^ 
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solving views, on their nrst exhibition, we had arranged a 
e^peaking tube of gutta-percha, reaching from a desk at which a 
friend was to read the description, to the place where the 
lanterns were, and which was sixty feet distant from the reader, 
and entirely out of his view. Everything went on well for some 
time, until, an accident happening to one of the gas-jets, the 
whole of the light was suddenly extinguished. We called 
through the tube to our friend to go on reading (as he had a 
shaded light) ; but unfortunately we had not told him of the 
existence of the speaking-tube, and he therefore was at a loss to 
know where the sound proceeded from. Being vexed at his not 
obeying our instnictions, we very hastily repeated them, and 
called him by name, adding a somewhat strong expression of 
our opinion as to his stupidity. Still unaware of the source of 
the message, he imagined that another friend who was sitting 
beneath him had been the speaker, and the matter nearly led to 
a breach of the peace. When the views again were being 
shown, we determined to carry out the joke, and oonmienced 
making various noises through the tube. The effect was most 
laughable, for as our reader still could not guess the real cause 
of what he heard, he let his imagination have frill play, and 
abruptly left the box. When the exhibition was concluded, we 
entered into frill explanations, and matters ended in our all 
joining in a hearty laugh at his discomfiture, through our 
application of a little science in our arrangements. 

We shall now speak of some interesting feicts in reference to 
the conduction of sound through solid bodies, and its applica- 
tion to conveying musical and other sounds to a distance, and 
their reproduction on other or similar instrumenta 

Even amongst solid bodies there is a great variety with 
respect to their power of conduction. To give you an idea of 
this, we append a list of solids with the different rates of conduc- 
tion compared to that of air. The table is that of Chladni, a 
philosopher, who has paid great attention to the subject. 



If we indicate Air to convey sound at 


a speed of .. 


1 


Then Tin does so 


at a speed of 




74 


„ Sflver 


» 




9 


„ Copper 


>» 




12 


„ Iron 


>» 




17 


„ Glass 


»> 




17 


„ Wood 


>» 


from li* to 17 



Experiment 8. — ^To illustrate the mode of conducting sound 
by means of wooden rods, the following experiment may be 
tried. On the end of a rod of wood, say twelve feet long and 
half an inch thick, place a musical snuff-box, and holding the 
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other end between the teeth, you will find that you can "hear" 
the. music perfectly, although the ears may be stopped by the 
fingers. 

This is owing to the transmission of the vibrations from the 
box to the teeth through the solid wood. Our young Mends 
must note this as a new means of " hearing" by the teetL 

ExPEKiMENT 9. — Hold a piece of iron (say the poker) by 
means of a string between the teeth ; close the ears, and let a 
friend strike the poker — the sound will be distinctly heard. 

Experiment 10. — Engineers use this method for the purpose 
of ascertaining the equal passage of steam into the cylinders of 
steam-engines. Thus, place one end of a ruler at the outside of 
the cylinder of a steam-engine, and the other end between the 
teeth, the ears being closed, you will be able to detect the pas- 
sage of the steam firom the slide-box at every stroke. 

Experiment 11. — The stethoscope is used for detecting any 
irregularity of the action of the heart, and is employed on the 
outside of the chest, exactly as we mentioned in our last experi- 
ment. A practised ear can soon detect any symptom of disease, 
just as the engineer may discover an inequality in the supply 
of steam. 

By combining what we will call a " diffuser" of sound with a 
conducting*rod, music may be conveyed from one room to 
another with perfect ease. 

Experiment 12. — Place inside of a small deal box another 
one, and between the two place a fold of baize or flannel. If a 
musical snuff-box is now placed in the inner one, you will not . 
hear any sound from it. Now bore -a hole thi'ough the top of 
the two boxes and place a deal rod, say three feet long, so as to 
have one end resting on the musical-box, and the other extend- 
ing upwards in the air — ^you will still hear no sound. Place at 
the tc^ of the outer end of the rod a vicdin, or empty box of 
any kind. The sound will now be dif^ised through the room, 
but tlie mcmient you remove the violin all sound will cease. 
Fig. 4 illustrates this experiment. 

You will thus observe that although the soimd is conduoted 
by the rod from the musical box, still it is not diffused through 
the room until the vioUn is in contact with it. In the piano 
and harp we have what are termed " sounding-boards^" whose 
object is to spread the sound on all sides. 

This interesting experiment was expanded into a most 
ingenious arrangement, called the Telephonic Concert, by Pro- 
fessor Whcatstone, and introduced into the London Polytechnic 
in 1856 ; when Her Majesty, H. R. H. Prince Albert, and other 
members of the Eoyal Family honoured the estafclifikKaK^Ns^ %^ 
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yiflit, during which this peculiar aiTangement formed a leading 
feature of the evening's entertainments. 

Fig. 4. 




▲ A, outer deal boxes enclosing 

B, the musical box. 

0, deal rod through the hole D, resting on the 

musical box. 
X, violin for diffusing sound. 

In the basement of the building, a piano, violin, violoncello, 
and cornopean were placed, and from each of these instruments 
were deal rods passing, and continued through two floors until 
they arrived in the upper lecture theatre — a height of about 
forty feet " On the upper end of the rods four harps were 
placed, but violins answered just as well. These were so 
arranged that they could easily be lifted on or off the rods. 

As the performers played beneath, the sound was conducted 
by the rods to the haq)s, which diffused the sound, and thus you 
would hear, to the great . surprise of a stranger, the sound of 
piano, violin, violoncello, and cornopean, coming fix)m the hai-pa 
This used to be a sore puzzle to those who were not initiated. 
You will, however, easily understand it by remembering that 
you obtained, by means of the violin, the sound of the musical 
box in our last experiment. In foct> instead of these harps, 
empty boxes would have answered as welL On lilting the harp 
from any rod, the music instantly ceased from that one. 

We attempted the conduction of the human voice by having 
four singers, whose mouths were placed nearly in contact with 
the sounding-board of a piano. This produced a strange but 
pleasing effect upstairs, for the audience heard a "quartett" 
proceeding from a harp ; or, if you please, foui* human voices 
out of a piece of wood. This experiment often succeeded too 
well ; for owing to the ludicrous appearance of the singers, with 
their heads together, and sometimes bumping against each other, 
the concert was often terminated by roars of laughter, every 
Bound of which proceeded to the upstairs room, and was pre- 
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sented to the audience, most unwittingly, as another proof of the 
conducting power of wood with respect to sound. 

We have since then tried a variety of experiments, and suc- 
ceeded in bringing the music round curves and bends from one 
room to the other on the same floor, but the restdt is not so suc- 
cessful as when the rods are vertical. The head-piece to this 
section (page 241) illustrates the conduction of sound from the 
parlour to the drawing-room of a house, showing the rod resting 
on the sounding-boat^ of a piano, and ending with a harp on 
its other end, to diffuse the sound. 

A vast variety of interesting applications of these principles 
could doubtless be made beside those we have given. They are 
two of the chief with which we are acquainted. 



THE REFLECTION OF SOUND. 

We proceed now to inquire into the cause of echoes, and the 
effects observed in what are called " whispering-galleries," and 
remark that sound, like light and heat, can be easily reflected, 
by proper arrangements. 

An echo may be produced by the reflection from a flat or a 
curved surface. The two reflections take place when any sound 
is produced in an arched tunnel. The two sides reflect, and so 
also does the roof; but in the latter case there is a point per- 
fectly analogous to the focus we spoke of under the head of 
Light. (See page 196.) 

Place two large reflectors at a distance from each other, and 
let a friend whisper in the focus of one whilst you place your 
ear at the focus of the other. You may thus hear the slightest 
sound, although any amount of noise may be going on around 
you, provided the two reflectors have their £Eices exactly fiicing 
each other. 

Two of these, in the London Polytechnic, which are about six 
feet in diameter, are placed at the top galleries in the large 
halL On one occasion we observed a lady and gentleman 
sitting together exactly in the focus of one, whilst we were 
accidentally in the focus of the other. The hall was well filled, 
and much noise was made by the machinery, <&c., but we heard 
some most endearing expressions pass between them, although 
they were about 100 feet fix^m us. We advise all "engaged" 
young ladies to be cautious how they trifle with scientific laws, 
for in such cases let them be assured that iheir vows of eternal 
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affection may be heard in certain jdaoes bj more than the per- 
son for whom they are intended. 

Any curved even wall becomes what is called a " whispering 
gallery." The most noted of these is the one in St. Paul's 
Cathedral, London, where the slightest whisper may be heard, 
although the two trying the experiment may be on oj^KMdte 
sides at a great distance from each other. 

By an application of the laws of sound, a very amufiing 
arrangement can be made, called the '^ invisible lady." 

It consists of a globe of metal to which four trumpets are 
attached, and from these proceeds a tin tube into an adj<»ning 
room. On whispering into one of the trumpets any questicm, 
the confederate immediately returns a suitable answer throi^^ 
another one. 

Experiment 13. — ^We can suggest a very simple arrangement 
of this sort to our young friends. Obtain a large plaster of 
Paris head from one of the Italian makers, and put it in such 
a position that a pipe running from it may not be seen. Now 
fix in the mouth and ear a piece of gutta-percha tube, the two 
being joined neatly to one long tube. They should be not less 
than half an inch in diameter. Fix one of the ends of the tube 
in the ear of the figure, which must be hollowed by cutting out 
the plaster with a knifa The other end should be fixed in the 
mouth — of course both inside the head, so as to be out of sight. 
The long tube joined to these is to be taken into a room 
adjacent Fig. 5 illustrates our plan. 




A confederate must be in another room, for the purpose of 
receivings the message, and of giving an answer, which he does 
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throxigh the mouth -piece observed on the right-hand side. The 
message or inquiry is sent by the ear of the bust, and the 
answer received from the mouth. 

This little contrivance may be made a matter of great amuse* 
ment if you take care to have a witty, lively individual as the 
"lady." It affords plenty of fim for young folks, who are 
extremely puzzled to know where the answer comes from. 

The noise produced by putting a shell to the ear is an 
instance of the reflection of sound by a curved sur&ice. The 
inside of the shell acts as a i*efleetor. 

Many ingenious inventions have been made, such as the 
speaking-trumpet, the ear-trumpet^ the sounding-board over a 
pulpitj a peculiar construction of concert rooms, <kc. <fec., all of 
which owe their success to the principles of the commimication 
of sound by reflection we have just explained. 

The human ear is a beautiful and deHcate contrivance, every 
part of it showing evidence of design. The outside is arranged 
to collect sound ; the tube proceeding inwards to convey it j the 
drum is placed so as to form a kind of diaphragm between the 
inner and outer parts. The ear is protected by hairs and a wax- 
like substance, which prevents the ingress of dust and insects 

The following facts in reference to the passage of sounds^ 
echoes, <kc., may be interesting to our young friends, referring 
as they do to many daily occurrences. 

Distant sounds travel best over smooth sur&u^es. We have 
already named the ease with which persons can converse with 
each other over the ice in the Arctic regions. In the same way 
sound travels on the surface of water much better than on land ; 
and it is no uncommon thing, when out six or eight miles at sea 
during a still night, to hear the music of the evening bells as 
it comes fitfiilly "over the sea" from some village church near 
the edge of the shore. 

The sound of cannon when being fired may be distinctly 
heard at a great distance. We have read accoimts of the 
reports being heard at a distance of sixty miles. We have 
often listened to the sound of the guns, at a distance of twelve 
miles off*, during the practising days of the Woolwich garrison. 

If you lay the ear close to the iron rails of a railway, you 
may detect the sound of an advancing train long before it is in 
sight 

If you station a friend at a long distance from you near a 
length of iron railings, the sound produced by a stick striking 
them will be conveyed with great ease by the metal, although 
the same sound wo»ild have been entirely lost if simply con- 
veyed by the air. 



252 EXPERIMENTS IN SOUND. 

The rolling sound of thunder is caused by the echo produced 
between the clouds and the earth. Even the report of a cannon 
will sound like thunder on a cloudy day, owing to the succes- 
sive reflection of sound. If you make a single exclamation in a 
long tunnel, you will find a similar effect produced. 

Sound is not only conducted through the air by means of 
echoes or reflections, such as we have just referred to, but also 
by the solid earth. Thus you may hear a miner's pick at each 
stroke on the rock at a considerable distanc-e, and in circum- 
stances which would render it impossible that the sound could 
travel otherwise than through the rock, by placing your ear 
against its surface. "We have noticed this effect at Clifbon, 
near Bristol, and also in many other places where quarrying is 
being carried on. Sappers are sometimes detected by the 
besieged in this way, the sound of their tools in the tunnel 
being propagated through the earth. 

A very singular effect may be observed by sitting near a post 
on which the telegraph wires are suspended. If a gentle breeze 
is passing, the wires vibrate and produce a sweet musical sound, 
reminding one of the effects of the ^olian harp. The efiect 
depends partly on the tension of the wires, and the sound yaries 
in strength with the force of the breeze. 

"We shall now conclude our remarks and experiments on 
Sound, and, having endeavoured to acquaint you with some of 
the leading facts in relation thereto, must here bid farewell to 
what we have called the " forces," or agents on whose action 
the nimieroiLS occurrences and changes of daily life depend. 
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In out preyioTis sections 
we have offered you va^ 
rious experiments Trhich il- 
lustrate tKe different kinds 
of bodies we meet with, 
and the can sea and powers 
whicli effect variotis changes 
in their relations to each 
otherj and we dealt with 
these under the heads 
of Chemistry, Electricity, 
Heat, <fec. 

We next proceed to enumerate experiments of an entirely 
different class. In these we shall endeavour to show you "^hat 
laws both gases and liquidcf obey when at rest or in motion ; 
and we shall also speak of various applicationff of these lawe^ 
such as pumps, barometers, diving-bells, balloonli, water-wheels, 
&c. We ought also to point out to you the distinction between 
the objects of Chemical and Physical Science. The iQ)ic\s\.^^ \«»^ 
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witli parts, or the atoms of bodies, showing their different 
natures and composition, whilst " physics " ti'eat on bodies in the 
mass, and on the effects they may produce when acted on by 
what are called forces. 

The term pneumatics is derived from a Greek word, signify- 
ing " spirit," or air ; and it is applied to that branch of science 
which refers to the weight, bulk, and movement of gases. Now, 
common air is that with which you are most acquainted, and 
we shall experiment with it in a variety of ways, and we hope 
in such fashion as to interest you. 

You will require an aii'-pump for many of our experiments. 
One of these you may obtain at the instrument makers', for 
from eighteen shillings to many pounds. We should recom- 
mend you to purchase one at a cost of one poimd, which will 
answer for all the experiments we shall bring before you. Some- 
times air-pumps may be purchased very cheaply at auction sales, 
but we must warn you, that if every part, such as pump, piston, 
plate, and valves, is not in good order, you can never succeed in 
the experiments you may attempt. Fig. 1 will give you an 
idea of the kind of air-pump of which we have just spoken. 

Fig. 1. 




cj^ 



a is the pump by which the receiver, d, is exhausted. 

b, a small screw which allows air to return, by its removal, into the 
receiver. 

c, the plate on which the receiver rests. 

d, the receiver in which your experiments are carried on. 



Presuming that you have purchased an air-pump, we proceed 
with our experiments, and any further apparatus you may 
require we shall describe farther on. 

Experiment 1. — The Atmosphere has Weight — To prove this 
the following simple experiment may be tried. Cut a piece, of • 
thick leather into the shape of a five-shilling piece. Make a^ 



ATMOSPHERIC PRESSURE. 255 

small hole through it in its centre, and through this pass a piece 
of string, a yard long, with a knot, and one end of which must 
rest inside the leather. Soak the latter in cold water till it is 
perfectly soft, and now holding the ftirther end of the string in 
the right hand, press the leather on a piece of stone weighmg, 
say twenty pounds, until every part of the leather fits tight to 
the stone's siuface. Baise the leather (if you can) from the 
stone ; but this you will not be able to do ; because having 
pressed out the air between the stone and the leather, you have 
left between the two a "vacuum," or empty space. Now, 
owing to the weight of the air on the top of the leather, it is 
kept firmly fixed to the stone ; and although the latter weigh 
several pounds, still you can easily raise it from the groimd, 
owing to the pressure of the air on the leather surface. 

Experiment 2. — ^You will at once perceive from this that 
the air has weight ; we shall, however, adduce another illustra- 
tion of this fact. Fill a wine-glass completely with water, and 
slide on to its surface a card large enough to cover the entire 
rim of the glass on every side. Now hold the glass in the 
right hand, and placing the fingers of the left hand on the top of 
the card, dexterously turn the glass upside down. You will 
find that the card will not fall down, but will appear to keep 
the water inside of the glass, although the latter is inverted. 

This experiment seems to be the reverse of No. 1 — and so it 
is in some respects ; but from the two you will learn that, not 
only does the air press downwards, but also upwards. In feet, 
you will see that the air presses in all directions with great 
force, — indeed, to the extent of nearly fifteen pounds on the 
square inch. In other woi-ds, if you cut a piece of card exactly 
an inch wide and long, and took the air from beneath, the card 
would have to sustain a weight of about fifteen pounds ; and on' 
every part of the earth's surface at a level with the sea there is 
a weight pressing on it to this extent. 

But you will at once say that you cannot feel this weight on 
your body. This is quite true, and is owing to the fact we have 
already mentioned, — ^that the atmosphere presses equally in all 
directions. You sustain the same pressure on the inside as on 
the outside of the body ; but if you take either pressure away, 
the other will be at once evident, as we shall see by our next 
experiment. 

Experiment 3. — Procure from the glass-maker's a cylinder 
of glass, three inches wide and four inches deep, of the shape 
shown in figure 2. Each rim must be cai*efully ground, so as to 
present a perfectly flat surface. Grease the lower end with 
some tallow, and press it firmly on the plate of th<& «.v£-'^^x£U^^^^ 
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Fig. 2. 



as to exclude all air from the edges. Then press the hand on 
the upper part, so as to entirely cover it^ and 
with the other hand exhaust the air inside the 
glass. The moment you commence to woxik the 
pump, the air in the glass will be taken from 
it, and that outside will begin to press on your 
hand. You will shortly find that you cannot 
remove your hand ; and the reason is, that the 
external air is pressing on it with a force of fifteen pounds on 
each square inch. Supposing your hand to cover the sur&ce 
of the glass, which is equal to about seven square inches, ike 
weight on the back of your hand will be no less than one 
hundT-ed and ^ye poimds. Fig. 3 illustrates the mode of 
carrying out the experiment. 

As you rise above the level of the sea, so the weight of the 
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air decreases ; and presuming you coidd arrive at a height oi 
forty-five miles, there the air has no weight ; in fact, thai dis- 
tance is believed to be the limit of our atmosphere. 

Experiment- 4. — Over the glass cylinder used in the last 
experiment tie very tightly a thick bladder, and allow it to dry. 
Then place the glass as in fig. 3, and pump out the air it con- 
tains. You will find that the bladder is depressed in the 
centre, and after a few strokes of the pump-handile a loud report 
will be given, owing to the bursting of the bladder from the 
pressure of the air on its outside. 

Experiment 5. — ^We shall repeat here an experiment men* 
tioned under the section of Heat. Boil some water in a thio 
tin canister, tmtil steam issues from a stopcock soldered into 
some part of it. Presuming that it is air-tight in every other 
part you may close the stopcock, and throw cold water on the 
vessel. It will instantly collapse, owing to the enormous weight 
it has to SQstaixL If your cylinder is twelve inches high and 
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three inclies in diameter, the air will press on it with a weight 
of eighteen hundred and fifty pounds. 

This experiment will- explain why steam-boilers can burst 
inwards, instead of outwards ; for if a steam-yeesel is sinking 
the water rushing in on all sides condenses the steam of the 
boilers, and as in most cases their safety-valves only let oid 
steam, they instantly close on the steam being condensed, and 
the boiler at once collapses. Persons climbing high mountains, 
or ascending in balloons, often spit blood — sometimes it rushes 
from the ears and nose, owing to the external pressure being 
removed, and the internal pressure acting on the blood-vesseli 
forces out the fluid. 

Experiment 6. — ^The latter effect may be illustrated by 
placing a shrivelled apple inside the receiver of the air-pump 
(see fig. 1). The receiver must have its ground edge greased 
with tallow, and it must then be careftdly pressed on to the air- 
pump plate. Having all arranged, commence to work thfe 
pump, and you will find that the air inside the skin of the apple 
will press outwards and make the fruit to appear as if it had 
just been plucked. 

Experiment 7. — ^Try the experiment with a bunch of raisins, 
instead of the apple : you will find that the raisins are at once 
converted into grapes ! You will succeed better in this ex- 
periment by firat moistening the raisins with a little warm 
water. 

Experiment 8. — ^A very ingenious mode of illustrating this 
result, is by placing a piece of soft wood on the top of a glass 
jar, open at both ends. The wood is made in the shape of a 
basin, and is filled with mercury. On placing the jar over the 
air-pump plate, and pumping the air out of the glass, the mercury 
is forced into the jar, and should fall into a basin ready to receive 
it. We name the experiment, because it is often shown at 
lecture-tables, but advise you not to try it, for you will most 
likely spoil your pump. If any mercury runs into the little 
hole in the centre of the plate, you may almost be certain that 
your pump will be injured, owing to the mercury foirming 
an amalgam with the aolder used to attach its various parts. 
We have seen two splendid air-pumps completely ruined by this 
experiment The reason of this you will learn by referring ta 
our Chemical i^ecticm under the head of " Mercury " 
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BAROMETERS, 



We are enabled to construct an instrument for weighing the 
air, by applying the lessons we have learned in our former 
experiments ; for if the air presses on everything with a certain 
force, liquids will naturally escape from its action, if they can find 
a place where there is no pressure. This place, or " vacuum," 
is always found in the top of the glass tube of the common 
weather-glass, for reasons we will now explain, simply mention- 
ing that these instruments are called " Barometers," from two 
Greek words which signify " weight-measures." 

Experiment 9. — Place a long glass tube in a glass of water, 
and at the other end draw out the air of the tube by the mouth. 
As you " suck" the air out, the water will rise, because you have 
produced a partial vacuum in the tube, which is immediately 
filled by the water rushing in, to take the place of the air. 

If you were to try this experiment with a tube thirty-six feet 
long, and pump the air out of it by means of an air-pump, you 
would never be able to draw the water up so as to completely 
fill the tube, because a column of water about thirty-two feet 
high weighs about the same as a column of air forty-five miles 
high. Indeed, if you were to fill such a tube, sealed at one 
end, with water, and then place your hand on the open end, so 
as to prevent the water escaping, and were then to put the open 
end into a pail of water, some of the fluid would run out, but 
the greater portion would remain. At the top of the tube 
there would be a vacant space ; and if you were to mark the 
side of the tube, where the edge of the water appears in its 
upper part, and to proceed daily, for a week or two, to do this, 
you would rarely ever see the water at the same height in the 
glass, because the weight of the air varies continually. To 
measure these variations is the object of barometers. 

The one we have described is called a water barometer ; but 
aS| for many reasons, it would be a most inconvenient form, we 
shall explain how a simple one may be constructed by using 
mercury, which, weighing, as it does, only a twelfth part of the 
same bulk of water, affords us an instrument which, not ex-* 
ceeding a yard in height, serves far better than the water baroi 
meter of twelve yards high. 

Experiment 10. — To make a Barometer. — Purchase a piece 
of glass tube a yard long and an eighth of an inch in the bore. 
Seal one end of this, by holding it at two inches from the end in 
the £ame of a spirit-lamp or a gas-flame, and, when red-hot, 



THE BABOMETEB. 259t 

pull the short piece away from the long one. The hot part will 
get narrower, until you may entirely close or seal iqp its end. 
Hold this end in the gas-flame until it presents a I'ounded ap- 
pearance. Gradually remove it from the flame, so as not to cool 
it too rapidly. When cold, pour in some mercury, until the 
tube is completely/ filled, and holding it in the right hand, place 
the little finger of the left on the hole. Invert it thus in a 
cup holding some mercury. You will immediately find that 
part of the mercury will fall out, and a vacuum will be left at 
the upper end. 

Now support this by means of a stand, or you can place the 
cup on a bracket against a wall, and fasten the tube in an 
upright position, by means of a couple of staples. This simple 
apparatus is a barometer, and will answer every purpose of ona 
Compare it any day with another instrument which has a 
scale attached to it, and ascertaining the height of the mer- 
cury, and marking a scale on paper, of inches, half and quarter- 
inches, paste this so that the level of the mercury in your 
barometer is at the same height in your scale as on the one you 
have compared it with, and your arrangement will be complete. 
Another mode of making the scale is to place a yard stick 
whose lower end shall be level with the lower end of the tube 
holding the mercury. The level of the fluid at the top of the 
tube will then appear opposite to the number of inches on the 
yard stick which corresponds with the real height of the mercury 
in any ordinary barometer. 

The whole affair will cost you not more than half-a-crown ; 
and we can, speaking from our juvenile experience, mention 
no instrument you can make that will excite so much interest 
in your mind, if you make a daily habit of watching this rough 
barometer, and of noting down in a copy-book the height of the 
mercury. You can purchase a thermometer for one shilling, 
and by observing the temperature at the same time, and noting 
it down also, you will add to the value of your observations. 

To assist you in this, we give a skeleton heading, including 
other matters, which you can copy into the head-line of your 
note-book as a guide, and for the sake of uniformity. 

Date. Time. Barometer, Thermometer. Wind. Weather. 

Nov. 16, 1860. 9 a.m. 29*50. 43*0 S.W. Fine. 

You will observe that we have added an example. It gives 
you all particulars of the weather at the moment this is being 
written. The height of both barometer and thermometer is 
always expressed, when there are fractions, in decimal parts. 
Thus our barometer, at this moment, shows that the mercury ^ 
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at twenty-nine inches and a half high. The thermometer 
registers 43° of temperature. 

Tou may add another column for remarks as to whether 
there was hail, snow, rain, or other phenomena 

It is very true that your observations will be rather rough 5 
but, although not truly scientific in their strictness, they have 
the double advantage of calling out your powers of observatioiij 
and it is by no means unlikely that if you keep your notes by 
you, they may turn out of great value in the course of tima We 
have been greatly indebted in some respects to our observations^ 
taken exactly in this way during our younger days. 




Fig. 4 illustrates the arrangement we have just described, where a 
represents the tube holding the mercury. 

0, -flie cup containing mercury, in which the tube a stands. 
e, the scale marked off in inches and parts of an inch. 

We might have added a " vernier," by which you could have 
divided the scale of inches more correctly ; but, as we should 
have required some space to describe it, we shall leave it to you 
BO to cultivate the eye as soon to enable you to register any 
part of an inch not less than one-tenth. 

We will now endeavour to explain to you the reason of the 
daily changes which take place in the height of the meitmry. 
During your visits to the seaside, you will have frequently 
noticed how the sea often appears covered with waves. If you 
were to cut one of these lengthwise, you would, of course, find 
that the ends were far higher than the middle of the wave, 
measuring, of course, from a level line beneath them. If you 
were to go a step further, you would also, of course, find, on 
Weighing the water contained in a column cut from the top of 
the wave, that it would exceed that cut from the centre, both, of 
course, being of the same breadth, although of different height. 

Now, what is true of water is also true of air. There are 
immense waves in the atmosphere ; and, just as the air-Waves 
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vary, in the manner we spoke of in the case of the water-waves, 
so the mercury in your barometer rises and falls, actiQg, as it does, 
like a counter-balance to the weight of the air. You may, if 
you please, compare the atmosphere and the mercury in the 
tube to two scale-pans, which will stand level or otherwise,^ 
just as they have equal or different weights in them. 

The reason why the barometer affords an indication of a 
change of weather is, that when the air becomes less dense the 
vapour of the clouds generally becomes condensed, and so pro- 
duces rain. Thus, on the top of a high hiU, where the air is 
much rarer than at the level of the sea, you will often find a 
dense cloud ; and if you were to pass through this, as we have 
often done ourselves, you would soon find the effects of its con- 
densation in the form of a fine rain. Grenerally speaking, the 
rarer the air is, the lower the clouds hang ; and, of course, the 
lower will the mercury fall in the barometer-tube. 

To give you an illustration of this, we remind you of what 
you must often have noticed whilst standing on loose stones or 
rocks whilst the waves are dashing between them. The still 
water gradually rises as the wave comes towards shore, and 
falls again when it recedes. In like manner your barometer 
indicates the rise and fall of atmospheric waves. 

When the air is dense, the clouds fly higher, and the mercury 
rises at the same time. Even the smoke from a chimney is an 
excellent indicator of the weather ; for just as the atmosphere 
is light or dense, so the smoke falls or rises, as it issues from 
the chimney-pot. 

We need scarcely tell you that the words " Rain," " Fair," 
<fec., generally engraved on the plate of the house-barometer, 
can only give very rough ideas of the probjable state of the 
weather. We just state that a rising mercury indicates the 
advent of fine weather, and the more gradual the rise, the longer 
the fine weather is likely to last ; the same rule holds good with 
respect to bad weather indicated by the fall of the mercury. 

The barometer can indicate a coming storm. If the mercury 
fells suddenly, a heavy gale pf wind is sure to follow. During 
the severe storms at the close of 1859, these indications being 
attended to by many commanders of vessels were the means of 
saving many live^; whilst, their neglect produced the most 
heart-rending consequences around the coast. At the present 
time most of our coast fishing-stations are supplied by baroy 
meters, which are erected close to the piers or landuig-places. 

The force of the wind is judged of by what is called an an^ipo- 
tnieter ; but we refrain giving any description of this instrument, 
for want of space. • - 



EXPERIMENTS IK PNEUMATICS. 



PUMPS. 



The common pump is constructed on principles sucli as we 
have already explained above. We shall suggest some simple 
experiments, which will give you an idea of its construction 
and use. 

Experiment 11. — Procure a common syringe, and supposing 
the piston or plunger fits tightly inside the cylinder, you will 
be enabled to draw water into it on pulling the piston upwards 
from the jet ; but allow the piston, or as it is called the plunger, 
to fit the cylinder loosely, and, owing to the air escaping to the 
lower side as you draw it up, you will not succeed in drawing 
in water. Fig. 6 illustrates the arrangement of the common 
pump, and also indicates the different parts of it, and their 
names. 

• Fig. 6. 




No. 1 represents a pump in which the piston is being raided, 

a is the piston, or plunger, havins a valve represent^ as ehuJL 

h is the valve open, through which the water is passing from c 

Cj the pipe through which the water rises from the weS. 

You observe there are two valves in the pump, one open and one 

closed. 
No. 2 represents a similar pump, only that in this the piston, or plunger^ 

is being forced down. The valves at a and 6, you will observe, are in 

different positions to those represented in No. 1. 



The ordinary pximps, of all sizes, are constructed on the above 
principles. The air-pump, which we have already described, is 
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similarly arranged, but of course the workmanship is of a £ar 
higher kind. 

Whilst speaking of the barometer, we stated that water 
would not attain a higher level in a vacuum than about thirty 
feet. For this reason it would be impossible to make a pump 
draw water directly from a deep mine. Other arrangements 
are employed : sometimes several pumps are erected over each 
other, and worked by long rods reaching from the beam of a 
steam-engine ; or, occasionally, force-pumps are used. 

The force-pump is a common pump, to which an air-vessel is 
attached. The water is forced into the air-vessel, and is after- 
wards driven out of it with great power. Fire-engines are 
simply large force-pumps. Fig. 6 illustrates a force-pump such 
as is often employed in private houses. 

Fig. 6. 




a represents the piston, or plunger. 

b, the lower valve. 

c, a valve opening outwards from the cylinde 

d, the air-vessel. 



At the level of the sea, water boils at a temperature of 212°; 
but if you try the experiment of boiling it on the top of a high 
mountain, it will boil at a much lower temperature, owing to 
the pressui-e of the air being less. The height of mountains 
may be ascertained by noticing the temperature at which water 
boils at their summit. 

Experiment 12. — To hoU Water in cm Air-Pvmp, — Put 
some warm water into a watch-glass, and place the watch-glass 
on the plate of the air-pump, under the receiver. On exhaust- 
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ing the air from the receiver, the water will immediately com- 
mence to boil. 

Experiment 13. — To boil Ether in Vaciio, — ^XJse a little 
ether instead of the water, and proceed as in the last experi- 
ment. The ether will boil at a temperature as low as freezii^g- 
point. You can repeat these experiments by using spirits of 
wine and other volatile liquids. 

Experiment 14. — Boil some water in a Florence flask, and, 
corking up the neck, throw some cold water on the vessel The 
water will recommence boiling, owing to the removal of the 
pressure of the air from the sui*face of the water. 

{Experiment 15. — In our last three experiments the liquids 
vere quickly converted into vapour. When using the air- 
pump, you will always find a kind of steam suddenly formed- . 
after about the fourth or fifth stroke of the pump. This is the 
moisture which the air gives out, owing to its rarefaction. 
Hoar frost is caused by this moisture being frozen on the twigs 
of trees, &c. 

Experiment 16. — Expose a piece of chloride of calcium (see 
our Chemical section under " Lime ") ; it will soon become 
moist, through absorbing the vapour contained in the air. 

Experiment 17. — A piece of the long seaweed found at low 
water roimd our coasts makes a very simple arrangement for 
judging of the moisture in the air. In wet weather it becomes 
soft and damp, and in dry weather it is stiff and hard. These 
changes are owing to the presence of a salt of magnesia, which 
absorbs water from the air when largely present. This forms 
an excellent weather-glass. 

Experiment 18. — Owing to the presence of watery vapour, 
long lines of string, if stretched tight in the open air during the 
daytime and left out all nighty will be found broken by the 
next morning. The moisture ca,uses the string to contract with 
great force, and so it is broken. 

Experiment 19. — ^If, during wet weather, you poifr some ether 
on a cloth resting on the outside of a diy Florence flask, the 
cold produced by its rapid evaporation will condense the 
moisture which the air inside contains, and the water will be 
deposited in small drops. 

Experiment 20. — Damp beds may be detected by placing a 
common looking-glass inside them. If the glass is cooler than 
the bed, the damp vapour will condense on the face of the glass, 
causing it to look dull. 

The steam and water found on bur bedroom windows on a 
cold morning, the dimness of the windows in a railway carria.g^ 
And many other similar effects, are produced by the same cause. 
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In journeying through mountainous countries, you will often 
perceive a cloud resting at the top or halfway up the hilL This, 
is caused by the condensation of the moisture the air contains, 
occasioned by the cold which is always felt in elevated places. 
On more than one occasion we have walked through one of the 
clouds, and arrived at the higher part of the lull, where we 
were able to look down on the cloud, instead of up to it, as we 
usually do. 



ELASTICITY OF AIR. 

All our young Mends know that a piece of india-rubber, 
when stretched or pressed, will regain its old shape on being 
left to itself. T\m power is callied elasticity; and we shall 
mention a few experiments showing that air has this property. ^ 

Experiment 21. — Put the finger to. the jet of a common 
syringe, so as to close it, and now press down the piston. As 
fiioon as you remove the pressure the piston will be driven back,' 
owing to the air being elastic. 

Experiment 22. — Press between the hands a common 
bladder, or one of the india-rubber balloons sold about the 
streets. Although you may press it ever so tightly, still the 
air will regain its old space on your removing the hands. 

The common bellows, the powerful air-engine, and many 
other such contrivances constructed for the purpose of oom^ 
pressing air and producing a blast, are made on this principle. 

Experiment 23. — If you possess a condensing syringe — ^that 
is, one that will force air into a vessel instead of exhausting 
it — you may easily construct a fountain. One of these 
syringes we describeid in our Chemical Experiments under the 
head of the " Fire Cloud." Have a copper or strong tin vessel, 
made of the shape represented in fig. 7, and having a pipe in 
its centre which reaches nearly to the bdttom of the inside of 
the vessel, and to which a stopcock is fixed. Fill the ves.sel 
three-parts full of water, and then force air into it by means of 
the syringe. The air will be compressed ; and if you now clos0 
the stopcock and screw on a small jet, removing first the 
syringe, you may obtain a fountain which will play so long as 
the pressure of the air inside exceeds that of the air out ,ida 
The air-vessel of the force-pump (fig. 6) acts on the same 
principle. 

ThQ air-gun sometimes employed by poachers, and also €cpt 
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rook-«hooting, simply consists of a barrel to hold the shot, and 
an air-vessel into which a large quantity of air has been forced 




Fig. 7. 



Fig. a 



by means of a syringe. The air is allowed to pass out of the 
vessel, and striking the shot, it propels it with great force, owing 
to its elasticity. 

Experiment 24. — Bend a glass tube over the spirit-lamp, 
until it assumes the shape represented in fig. 8, and seal up one 
end. Now pour into tJie open leg some mercury. You will 
find that the air in the other sealed leg contracts into a smaller 
space. On removing the mercury, the air will soon regain its 
old bulk. This arrangement has been called a pressure-gauge^ 
but when so employed has generally a scale, indicating the pres- 
sure, attached to it. 



THE DIVING-BELL. 

The diving-bell is an interesting application of this law of the 
elasticity of the air, and its principle may easily be understood 
by trying the following simple experiments. 

Experiment 25. — Place a tumbler, full of air, upside down in 
a pail of water, and press it down a foot or so into the paiL 
You will find that ihe water does not fill the glass, but simply 
compresses the aii*. On raising the glass out of the water, you 
will find that the air it contains expands to its previous spaoe. 
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Experiment 26. — ^Place a smaU piece of candle on a cork on 
the water in the pail, and then place over it the glass receiver 
of your air-pump. You may now force the glass into the water, 
and yet the candle will bum, showing you that the air still 
remains inside the vessel After some time the candle will be 
extinguished, owing to its having consumed the oxygen gas 
which the air contained. For this reason the ordinary diving- 
bell is supplied with air by means of powerful force-pumps, 
while the foul air escapes at the bottom of the bell. 

Diving-bells are made of various shapes and sizes, according 
to the purpose for which they are required. A seat is placed 
inside, and the diver receives light through thick glasses let 

Fig. 9. 




In the above engraving, A represents a section of the bell ; 
B, the pipe by wmch air ia supplied; and 0, the chain from. 
which tne bell is suspended. 

into the top of the bell. The force-pumps supply the air 
through a pipe at the top of the bell, and the diver makes any 
signal by striking the sides of the bell with a hammer. The 
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divers, being clothed in a waterproof dress, proceed from the bell. 
On their heads they wear a helmet^ wluch is connected by 
means of a pipe with the beU itself, from which they draw their 
supply of air. A very singular effect is produced by the com* 
pression of the air as you descend in the water ; you experi- 
ence a singing in the ears, and sometimes a headache. We 
have been down twenty-five feet in the sea in one of these bells, 
but fix)m the unpleasant effect we experienced we intend to con- 
tent ourselves with one experiment. The divers soon get used 
to it, however ; and as they earn good wages, the employment is 
highly sought after. 

A diving-bell may be seen in the London Polytechnic, in. 
which visitors may safely descend to a depth of ten feet, and 
without the least inconvenience. The ladies sometimes think that 
there ought to be something at the lower end of the bell, to keep 
the water out ; but our yoimg friends who peruse these pages 
will be able to show them, on scientific principles, that this is 
unnecessary. Fig. 9 is a section of the bell we have named. 

We need scarcely remind you of the numerous uses to which 
the diving-bell can be applied. The foundations of bridges and 
breakwaters, the removal of wrecks, and the recovery of trea- 
sure, are among them. The gold lost at the wreck of the Boyal 
Chai'ter, in November, 1859, amounting to some hundred thou- 
sand pounds, has been nearly all recovered by these means^ 

Experiment 27. — A very amusing illustration of the elas- 
ticity of air is sold at the philosophical instrument-makers'. 
A small glass figure of a man, in which a little air has been 
left, so as to allow the figure just to float in the water, is 
placed in a tall vessel ; and on the top of this, which is nearly 
filled with water, a piece of india-rubber is firmly tied. On 
pressing the india-rubber the air contained in the figure is con- 
densed, and the figure sinks ; on removing the hand^ the figure 
again rises to the top of the vesseL 



BALLOONS. 



Passing from those applications of the laws of our atmosphere 
by attending to which we are enabled safely to descend into' the 
water, we shall next consider the different plans which Have 
been adopted in pui'suing a reverse course; namely, that of. 
rising in the air. 

The first attempt made to navigate the air was by means of 
jfiiT0-btalJoons, as they were called. Large bags of various materiabf 
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-were filled with heated air. This was done by lighting fires in 
the oars, and the hot air rising into the balloon, being lighter 
than the external cold air, gave a power of ascending. 

These arrangements were, of course, very dangerous, and 
several serious accidents resulted. Eventually it was proposed 
to employ hydrogen gas, and to make the material of the bal^ 
loon of silk, Varnished over, so as to prevent the escape of the 
gas. By referring to our Chemical section our young friends 
wiU at once learn how they may fill small balloons by means of 
hydrogen obtained from water. (See Experiment 39, page 23.) 

Balloons of large size are filled with common coal-gas, which 
is much cheaper than pure hydrogen. The principle on which 
balloons ascend in the air is, that they weigh less than the same 
bulk of air. Such being the case, the balloon must necessarily 
be increased in size just in proportion to the weight they have 
to caiTy. We believe that the largest balloon yet constructed 
was one which could carry up eight persons. 

Experiment 28. — The principle of the baUoon may be better 
imderstood by your trying the following experiment. Sink 
a pound weight to the bottom of a tub of water; and by 
means of a string attach a bladder full of air to it, forcing the 
bladder to the bottom of the tub, and tying it to the weight. 
If the weight of the air-bladder and pound is less than that of 
their bulk of water, the whole will rise to the surface ; the weight 
of course hanging beneath the bladder, just as the car does to a 
balloon. 

Water-balloons, if we may so call them, are used for the pur- 
pose of raising vessels which have been sunk in tidal streams. 

These are sometimes india-rubber bags, or large casks, which, 
being air-tight, are attached by means of chains to the sunken 
vessel at low water. As soon as the tide rises, the buoyancy of 
the casks is such as to float the vessel The latter is then taken 
in tow by a steam-vessel until it touches the ground through 
want of depth of water ; the process is then repeated until the 
vessel is brought to a convenient place for repair. The water 
in it is then pumped out, and \yeing made once more water-tight, 
it is again fitted to float on the sea. 

We happened, a few months ago, to be staying at a sea-port 
near which a vessel, laden with empty casks, had sunk. A 
portion of another and heavier part of her cargo had been 
removed by divers. She had thus been lightened, and one day, 
shortly after the tide had risen, the casks in her hold lifted the 
entire vessel out of the water to a height of several feet, much 
to the surprise of the men who were just about to return to 
their duties in the diving-belL 
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Arrangements of casks, called pontoons, are employed hy 
military men in forming bridges across rivers. On the caaks 
planks are placed, and over these the heaviest mcUerid of the 
army may be safely and expeditiously passed. 

In some cases, where there is not sufficient depth of water for 
a vessel to pass over a bar — that is, a bank of sand, <S^. at the 
mouth of a river— chains are run under the keel of the vessel, 
and these are attached to large barges which have been made 
air-tight. The vessel is thus raised out of the water, and bo is 
enabled to proceed to sea. 



EXPANSION OF AIR. 

In our section on Heat, we stated that all solid bodies expand, 
as a rule, on receiving more heat ; and the law holds good with 
air and gases. We repeat an experiment which we have already 
named. 

Experiment 29.— Fill a bladder with air, and after iying the 
neck tightly, expose it to the heat of a fire. The bladder will 
soon swell, and will very likely burst, owing to the great expan- 
sion which will take place. 

Experiment 30. — Obtain a small bladder, and after filling it 
with air, place it inside the receiver of the air-pump, but so as 
not to touch the small hole in the plate through which the air 
should pass. Now exhaust the air from the receiver, and owing 
to the expansion of the air in the bladder, by the removal of 
external pressui-e, it will speedily burst. 

The above experiments will give you a general idea of two 
methods of expanding air. That mentioned in Experiment 
29 has been applied by Mr. Ericsson, of America, and others, for 
the purpose of obtaining a motive power by means of heated air. 
To some extent the attempt has been successftd, but not sufii- 
ciently so to make the application of very general use up to the 
present time. 

Amongst many other instances of the expansion of gases on 
the external pressure of the atmosphere being removed, we may 
instance the case of balloons, which, though only perhaps partly 
filled on leaving the earth, soon become distended on attaining a 
great altitude. This is often a source of great danger to aeronauts ; 
and instances have occurred in which, owing to the escape-valve 
generally fitted to balloons having got out of order, the balloon 
has biurst, and the aeronaut has met with a fearfiil deatL 

The subject of ventilation we have already referred to under 
the section on Heat. We may just remark, that any plan, to be. 
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successful, must be conducted in obedience to the laws of the 
expansion of air, <fec., by the addition of heat. In all cases a 
gas becomes lighter by being heated, and so has a tendency to 
rise in the atmosphere. Hot air, for the sam^ reason, always 
rises to the top of a room, and it is in that position that arrange- 
ments should be made for its escapa 



COMPBESSION OF AIR AND GASES. 

We need scarcely tell you that by compression we mean the 
act of forcing anything into a smaller space than that it usually 
occupies. The ordinary process of making soda water is an 
instance of the kind. Carbonic acid, with which we gave so 
many experiments in our Chemical section, is produced from 
chalk, and forced into water, which speedily dissolves or absorbs 
it. This is done under great pressure ; in feet, the gas is com-i 
pressed to a fourth part of its bulk, by means of steam machinery 
and pumps. On withdrawing the pressure—as, for instance, on 
taking the cork out of a bottle of soda water — the gas expands 
to its previous bulk, by virtue of its elasticity. 

You will remember that we have abeady stated (see " Heat") 
that the different states of bodies are owing to the presence or 
comparative absence of heat, Now, when gases are compressed, 
they give out heat, as our next experiment will show. 

Experiment 31. — He(U and Light obtained from Air. — Put 
a small piece of German tinder at the bottom hole of a con- 
densing-syringe, having previously drawn the piston to the top. 
Now suddenly drive the piston down, and the heat given from 
the air contained in the cylinder will be sufficient to set the 
tinder on fire. 

Experiment 32. — Put the finger on the hole at the bottom 
of the condensing-syringe, allowing a chance of only a little 
air to escape. On worlmig the piston repeatedly, you will find 
that the cylinder becomes very hot Now, that this is not 
owing to the Mction of the piston against the sides of the 
cylinder, you may soon prove, by taking the finger away from 
the hole, and allowing the air to freely escape. In condensing 
the air into the bottle we described as used for the fire cloud 
experiment in the Chemical section, the cylinder of the syringe 
sometimes becomes too hot to be held in the hand. 

Experiment 33. — ^When gases which have been compressed 
are allowed to escape suddenly, they produce cold by al^rbing 
the heat from surrounding bodies. Thus, keep a bottle of soda 
water for some time in a room, so that it may gain the sam^ 
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temperature as the air of the apartment ; then place & themuv 
meter in a tumbler, uncork the bottle, and pour its contents 
into the glass. You will find that the merciuy of the thetmo> 
meter will fall, owing to the gas which is given off running 
away with the latent heat of the mercury. 

Experiment 34. — Make two solutions, in separate glass 
vessels, of carbonate of soda and tartaric acid. Test their tem- 
perature ; and when that is the same in each glass, place your 
thermometer in a third glass, and pour the contents of the 
glasses into it You will find that the temperature £eJ1s 
rapidly ; for, in this case, the carbonic acid existed in a 8olid 
state, and required to rob the water of much of its heat before 
it could retake the gas form, or aeriform state. 

Experiment 35. — The most intense cold we can produce is 
by compressing carbonic acid, and then allowing it suddenly to 
escape through a small aperture. When it reaches the air, its 
sudden expansion requires a great amount of heat; and in 
drawing this from the atmosphere, so great a degree of cold is 
produced that the acid freezes into the form of snow. If some 
of this is placed in the palm of the hand, although producing 
cold, still it will do the hand no injury; but if pinched between 
the fingers, the solid acid will inflict a most serious wound, and 
the skin will peel off just as if the fingers had been burned. 
You will remember our remarks respecting the Arctic regions, 
under the head of "Heat," where we stated that a similar 
effect took place when metal instruments, &c., were allowed to 
come into contact with the skin. 

Experiment 36. — If some of this solid carbonic acid is 
mixed with some ether, such intense cold is afforded as to per- 
mit large quantities of mercury to be frx)zen with ease. 

Experiment 37. — If the mercury so frozen is thrown in a 
lump into a glass of warm water, the metal will take the heat 
so rapidly from the fluid as to instantly convert it into ice, and 
the expansion of the ice will break the cup into scores of pieces. 
(See our remarks on the expansion of water during freezing, 
page 166.) 

The above experiments we have tried ourselves ; but we must 
tell you that they ai*e of the most dangerous kind. We have, 
however, no hesitation in relating them, becaiise you will not 
likely be in possession of the apparatus necessary for the purpose. 
Our object has been to interest you by mentioning the &cts. 
The carbonic acid is made in a very strong iron vessel, and 
received in another placed near it. The gas is compressed until 
it exerts a force of fifty atmospheres ; that is, fifty times as much 
as the ordinary pressure of the air (see Experiment 1), so that 
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every square inch of the vessel has to maiutain a pressure of no 
less than seven hundi'ed and fifty pounds on the square inch, or 
about nine times that of an ordinary locomotive boiler. Several 
patents have been taken out for the purpose of applying com- 
pressed carbonic acid and common air in place of steam. The 
idea at first sight seems very feasible, but you must remember 
that you cannot get all the power that you have expended in 
compressing air into suitable receivers; so that it is really 
more economical to employ the steam-engine instead. Besides, 
the compressed air requires very strong, and therefore very 
heavy vessels to hold it ; and in no case could such be used 
stronger than sufficient to hold air having a pressure of 750 
pounds on the square inch in an economical manner. 

You will remember that one cubic inch of water expands 
into 1700 cubic inches of steam ; whereas one cubic inch of air 
compressed as above would only expand to fifty times its bulk 
when set free. 

There are several other objections to the use of compressed 
gases, which are, however, of too philosophical a character to 
mention here. 

We shall next proceed to give you an explanation of the 
difierent parts of the steam-engine, merely remarking that, 
when compressed air or carbonic acid gas are employed for 
motive power, the common high-pressure engine is always 
used. 



THE STEAM-ENGINE. 

Although we cannot offer you many experiments in con- 
nexion with this interesting subject, we think a simple and 
iintechnical explanation of the different parts and uses of the 
steam-engine will be instructive and pleasing to you. We 
shall, accordingly, endeavour to lay such fects before you as will 
tend to give a general idea of the reason why and how a 
steam-engine works. 

There are three kinds of steam-engines employed at the 
present day j namely, the high and low pressure, and the expan- 
sive engine. 

In the highr-pressure engine the steam is used at a pressure 
much greater than that of the air. We have already said that 
the air presses with a force of fifteen pounds on the square 
inch. Now, in high-pressure engines the steam ia marfift t«^ 



274 EXPEKIMENTS IN PNEUMATICS. 

press with a force of from forty to two hundred pounds on the 
square inch. The highest pressure, however, generally em- 
ployed, is that of eighty pounds, and that chiefly in locomotive 
engines. In factories and other places the steam is generally 
employed at a pressure of forty pounds. 

In the low-pressure engine the steam is generally of a 
pressure of about ten to fifteen pounds on the square inch, 
beyond the pressure of the atmosphere. By this we mean that 
if you were to allow such steam to press on one side of the 
piston of a syringe, and the atmosphere to press on the other, 
the steam would have the best of it by from ten to fifteen 
pounds for each square inch of the piston's surface. 

In expansive engines the steam is used both at high and low 
pressure. In most cases the high-pressure steam is first used in 
a small cylinder ; and when it is expanded, it is passed on to 
another cylinder of larger size, and is thus made to do double 
work. 

• In the high-pressure engine the steam is thrown off into the 
air when it has done its work. In the low-pressure and expan- 
sive engines it is condensed into water j and by the vacuum so 
produced an extra power of fifteen pounds on the square inch 
is obtained. This we shall explain more fiiUy presently. 



BOILERS. 

For supplying steam to the engine, a boiler is of course 
required. These are genei-ally made of iron, and are of all 
kinds of shapes. Some have the fire placed beneath them, 
some have a central flue in which the fire bums, and others, 
chiefly those used on board steam-boats, have immense square 
chambers, containing perhaps a thousand tubes, each ten feet long 
and two inches in the bore. Through these tubes the hot air 
from the furnace passes, and thus the steam-producing power of 
the boiler is enormously increased. These tiibes are largely 
employed in locomotive boilei-s, and, in fact, are one of the most 
essential parts of them. 

Our illustration (fig. 10) will give you an idea of the kind of 
boilers usually employed in stationary engines ; that is, those 
erected for manufacturing purposes. 

It is customary to have two safeiy-valves to each boiler on 
board steam-boats, one of which is locked up, and therefore 
cannot be over-weighted This is a very necessary precaution, 
inasmuch as the engineer is often tempted to increase the 
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pressure of the steam by weighting the valves, especially when 
there are opposition boats running on rivers. 

Fig. 10. 




A is the ash-pit of the furnace. 

B, the boiler. 

£, a fire. 

F, a float, which indicates the height of the water in the boiler, and 
also admits a supply when required. 

I is the pipe by means of which the steam passes to the engine. 

M is the man-hole lid, by means of which a person can enter the boiler 
for the purpose of cleaning and removing the fur which is produced by 
the earthy matter contained in the water being thrown down. 

N N are flues through which the hot air and smoke pass from the fire, 
round the boiler, and to the chimney. 

w s are two cocks, having pipes inside the boiler. By means of these, 
the engineer can ascertain the height of the water in the boiler. That 
marked w should only allow the escape of water, and s should give 
steam, on being opened. If the water is too high, it woidd escape by 
means of s ; and if too low, steam would escape by w. The engineer 
endeavours to regulate the supply of water so that it shall reach about 
half-way between the two pipes. 

V is a most important part of the boiler ; it is the safety-valve, by 
means of which the steam may escape when the pressure is too great. 
This valve is loaded at the end of ihe lever by a weight, w, which is 
fixed anywhere between /, the fulcrum, and the end of the rod. The 
farther the weight, w, is from/ the greater the preasvuc^ wi>iJaa'^Tfi«^. 
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Nearly all the explosions of steam-boilers are caused by 
neglect of tLe safety-valve, or through its being purposely over- 
weighted. We have been in the engine-room of steam-boats 
both on the Thames and Clyde during a race, and although it is 
an exciting affair, we have more than once trembled for fear of 
an accident. The safety-valves of steam-boilers are generally 
on deck in Scotland. On one occasion we were travelling all 
night, and whilst walking the deck were somewhat surprised to 
find that the speed of the vessel was i-apidly increasing. It 
turned out that a cattle drover who was on board had chosen 
the top of the casing of the boiler as a snug place, from its 
warmth, and he had to sleep with one arm on the lever of the 
safety-valve. On his being removed the valve instantly rose, 
and the steam escaped with great violence, showing the extra 
pressure which had been caused in the boiler, owing to the 
extra weight on the valve of the countiyman's body. 

The safety-valves of boilers often " stick," as it is termed ; 
that is, they become fixed in their seat. This_ is a frequent 
cause of accidents ; indeed, only a short time ago, a vessel was 
blown up off" Lowestoft, from the ^ng of the safety-valve 
preventing the escape of steam whilst the vessel was stopping. 
We regret to say that several lives were sacrificed. 

We can offer you some very interesting experiments which 
will texplain the cause of boiler explosions in some instances. 

ExpERiHEXT 38. — Dip a piece of red-hot iron plate into a 
basin of cold water and immediately withdraw it ; you will find 
very little steam produced. 

Experiment 39. — Pour some water on to a red-hot plate, 
holding the latter slantwise, so that the water may readily run 
off". You will find, if the plate is red-hoty that the water will 
run off* it in small globes like shot. 

In either of the above experiments the water has assumed 
the spheroidal shape j that is, it has formed into round globes, 
round each of which is a coating of steam that entirely prevents 
the water touchiag the iron. On referring to page 178, toider 
the section on Heat, you will find an experiment in which we 
have given directions for safely handling red-hot lead. Now, as 
we there stated, the metal, whilst red-hot, never touched the 
hand,*owing to a coating of steam which was formed. The very 
same state sometimes occurs in steam-boilers. The metal gete 
i*ed-hot, and the water is kept from it for some time by a fiiin 
coating of steam. If, however, the metal is allowed to cool 
down, as for instance by pumping in a quantiiy of water, then 
the coating of steam is lost, the water and the metal come into 
contact, and a fearful explosion ensues, by the sudden formation 
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of a large quantity . of steam. The reason of this you will 
understand by trying the next experiment. 

Experiment 40. — Pour some water on to an iron plate, which , 
is but a little hotter than boiling water. Instead, of the water, 
running off, as in Experiment 39, it will instantly fly off as 
steam, because you will have no thin protecting-plate between j 
the fluid and the metal. 

The " fur " often adheres to the body of the boiler. After a 
time it gets hard, and completely covers the metal The boiler 
is thus allowed to get red-hot in that part ; and if, by some 
accident, the fur perhaps cracks off, leaviug the metal bare, the 
same result as we found in Experiment 40 at last takes place : 
steam is suddenly formed, and the safety-valve not being large 
enough to let off the whole of the extra steam, the boiler 
at once explodes. 

Experiment 41. — It has been found by Dr. Faraday, that 
water, when entirely free fix)m air, will scarcely boil j and it has 
been suggested tha^ owing to the air often being entirely driven 
out of the water in steam-boilers, the water does not readily 
pass into steam. I^ however, fresh water is pumped id, the air 
so supplied with it instantly gives rise to the formation of steam, 
and so an explosion occurs. Our next experiment will illustrate 
this case. 

Experiment 42. — Boil some water in a Florence flask, and 
you will observe that, owing to the surface of the glass being 
smooth, the steam rises from the bottom in large and irregular 
bubbles. Now cast into the water a small piece of platina foil 
Steam will be produced in quantities, and will rise regularly 
from the edges of the metal 

Experiment 43. — ^Repeat the experiment, by employing some 
iron filings instead of the foil. The steam will be produced in 
such quantities as to perhaps cause the flask to bm-st It will 
be better for you to tiy this in an open glass or earthen vessel, 
lest you suffer injury from the bursting of the flask. 

Having thus spoken of the construction and uses of steam- 
boilers, we shall next refer you to the engine itself; and to pre- 
vent the chance of confusing you by a miitiplicity of details, we 
shall confine ourselves to the most essential parts of a high- 
pressure engine. 

The principal part of the steam-engine is its cylinder. 
These are generally made of cast-iron, and are turned in a lathe 
until the inside is perfectly smooth, and even polished Inside 
the cylinder is a piston, which fits it in every part> so as to pre- 
vent the chance of any steam escaping from one side of it to 
another. The cylinder and piston of the steam-engine are 
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exactly like the same pai'ts of your air-pump. Attached to the 
piston is a rod, which by means of another one communicates 
the motion of the piston to a crank. The upward and down- 
ward motion is thus converted into a circular one. We annex 
a diagram, which will give you a good idea of these different 
parts. 

Fig. 11. 




No. 2. No. 1. 

In the above ficure, No. 1, c, is the piston rod; I, the con- 
necting rod ; and k, the crank. 

One of the most dif&cult parts of the steam-engine to young 
persons is the arrangement by means of which the steam is 
admitted alternately above and below the piston. This we will 
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endeavour to explain to jou. In your air-pump you will see 
that the air enters the cylinder by means of a valve at the 
bottom, and passes through the piston. In the steam-engine 
the steam is supplied through two holes, one at the top and the 
other at the bottom of the cylinder, and leaves by the same 
means. These holes are called the " ports," and you will ob- 
serve their position in our illustration, Nos. 1 and 2. On the 
side of the cylinder there is placed, in a box, a valve called a 
D-valve, which works on the face of a piece of metal which has 
three holes, and which is generally cast with the cylinder. 
No. 3 represents this D-valve, and No. 4 the metal face with the 
holes in it. (See fig. 11.) 

Now, the upper and lower holes are connected, by means of 
pipes, with the top and bottom of the cylinder, and through 
these the steam passes to and fro. The middle hole has a pipe 
passing off into the air, and through this the steam escapes when 
it has done its work. 

By means of this valve the steam is admitted above and 
below the piston ; and referring to Nos. 1 and 2, you will see the 
valve in two different positions. In No. 1, the steam-pipe from 
the boiler is in communication with the bottom of the cylinder, 
and the steam is entering it to force the piston upwards. In 
No. 2, the steam passing from the boiler is proceeding to the 
top of the cylinder, and is therefore pressing the piston douon- 
wards ; and in both instances that part of the cylinder which 
is shut off from the steam-supply is losing its steam by the 
middle hole to which we have just referred. 

You thus perceive that the D-valve does double duty. It 
not only permits the supply of steam, but also allows of its 
escape when done with. When the piston is at the top of the 
cylinder, the valve is at the bottom of its box, and vice verad. 

To the valve a rod, A, is fixed (Nos. 1 and 2), and by means 
of another rod it is connected with a lever, p, o, which is moved 
by an eccentric, as it is called. 

Although we are obliged to use here the technical terms, still 
we fancy you will not have much difficulty in understanding the 
use of this ingenious contrivance. When the steam-engine was 
in its early days, the steam was admitted above and below the 
piston by a man or boy employed for this purpose. This was 
effected by opening two cocka A youngster, however, who 
was engaged in this employment, was tempted by some of his 
companions to play the truant ; but as he dared not let the 
engine stop, he hit upon the ingenious contrivance of tying a 
string with a weight hanging from it to the beam of the engine. 
To this string he tied the cocks we have just mentioned^ and t» 
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his great delight he found that the cylinder could thus be sup- 
plied with steam by the working of the engine itself, inde- 
pendent of any attendance. Thus the boy, by his ingenuity, 
succeeded in that which had hitherto puzzled the engineers. 

But to return to the eccentric. It is a circular plate of metal 
fastened on to the shaft of the engine, so that as. the crank turns 
round this plate may turn with it. It is, however, not fixed on 
its centre, but out of it ; hence its name. For instance, if you 
cut a piece of card of the shape of a penny-piece, and drive a pin 
through its centre, the card will turn round on the pin, just as 
a wheel does on its axle. Now, put the pin into any other part 
of the card than the centre, and you will find an exact repre- 
sentation of the eccentric of a steam-engine. This is illustrated 
in No. 1, by the letter m, fig. 11. 

Kound the eccentric is a strap of metal, which by means of 
the rod, n, is connected with the lever at o. This is done by 
means of a peg fastened on the lever, which fits in a notch cut 
out of some part of the rod, w, fig. 11. 

The action of the eccentric is this : When it timis round with 
the shaft, it either pulls or pushes the lever, o, p. In No. 1, it 
has forced o down and p up ; and as jt? is connected with the 
D-valve, that has been raised to the top of the box, and so 
allows the escape of the steam fi:om the top of the cylinder into 
the open air. In No. 2, o has been raised and p depressed, and 
thus the steam is allowed to proceed to the top of the cylinder, 
whilst it is escaping into the air fix)m the bottom. Thus you 
see the action of this ingenious arrangement, by means of which 
the engine supplies itself with steam, and so works continuously 
without the necessity of any human assistance. 

Water is supplied to the boiler by means of a pump attached 
to another eccentric ; and these pumps are generally of such a 
size as to supply a little more water at each stroke of the engine 
than is actually consumed in the form of steam. The regulation 
of this supply, of course, is part of the duty of the engineer. 

We have endeavoured to express ourselves as clearly as 
possible in the above description, and trust that our young, 
friends will be enabled, by a little study, to understand how 
each part of an ordinary steam-engine does its work. 

The steam is let into and shut off* from the engine by means . 
of what is called a throttle-valve. In small engines a common 
stopcock is used for the purpose. 

A fly-wheel is attached to stationary engines for the purpose 
of regulating their speed. Without this the motion of the 
engine would be irregular, and, in fact, would be a succession 
of jolts, which would soon destroy the delicate machineiy of a 
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cotton-mill. If you should happen to be on board any steam- 
vessel which has only one engine, you may easily judge of the 
necessity of a fly-wheel in such cases by the following experi- 
ment 

ExPERUCpiNT 44. — Stand on tiptoe, with, your face to the 
bows or stem of the boat. At each stroke of the engine you 
will find yourself suddenly thrown backwards and forwards. If 
you try this in a vessel with two engines, you will not have the 
same result, because they are so arranged that, whilst one piston 
is at full work, the other will be either at the top or bottom of 
its cylinder, and thus they mutually compensate with each other, 
and propel the vessel evenly. 

The "governor" is another arrangement employed for the 
purpose of regulating the speed of the steam-engine. In large 
factories some portions of the machinery are continually being 
thrown on and off work, and thus the engine will at one mo- 
ment be fully employed, and at another perhaps only half so. 

Fig. 12. 




^^^^^^^1^ 



A is a tooth-wheel, by which motion is produced in the governor. 
Next to it is the collar on which the rod attached to the throtti^ valve , 
rests. 

B B is a spindle, on which the collar rises and falls. 

c c are two heavy metal balls. 

D D are two arms on which the balls hang, and which are connected 
by other two arms with the collar. 

E is a hinge, on which the arms, D D, han^. 

F is a slit or grooved piece of metal, which serves ,as a ^de to the 
arms holding the balls. 



Without the governor there would arise great danger ; and we 
remember an instance where the governor being out of order, 
and some portion of the machinery having been stopped, the ' 
engine commenced working at a great speed, and eventually the 



282 EXPERIMENTS IS PNEUMATICS. 

fly-wheel broke. Its solid rim was projected into the null, and 
several of the work-folks lost their lives. The governor consists 
of two balls hanging on arms, to which is attached a rod con- 
nected with a stopcock or throttle-valve in the steam-pipe. The 
faster the engine runs, the higher the balls rise. In so doing, 
they raise a kind of collar on which the rod from the valve rests. 
As this collar rises, so is the steam shut off from the engine, 
and thus its speed diminished. On this taking place, the 
balls again fall, the valve is opened, and more steam is supplied. 
You will perceive then the rising and falling of the governor- 
balls regulate the speed of the engine, by shutting off or letting 
on the steam. Fig. 12 is an illustration of one of the ordinary 
forms of a governor. 

We have thus confined ourselves to the most essential parts 
of the common high-pressure engine. We need scarcely say that 
such are made of all shapes. In fiict, it is impossible to give 
you an illustration of all of them, as their number is so great. 
The parts we have described are to be found in all such, and 
the study of our engravings will enable you to compare the 
different forms of engines with each other. • 



THE LOCOMOTIVE ENGINE. 

One of the best known of all the different applications of the 
steam-engine, is that of the locomotive employed on our railways. 
Our young friends will at once recognise it as belonging to the 
high-pressure class of engines; indeed, a greater force of steam 
is generally employed on railroads than in any other way, most 
of the boilers affording steam of a pressure of eighty pounds on 
the square inch. 

The engines of the locomotive are of the same kind as those 
we have just described, and are attached to the side of, or under- 
neath, the boiler. Some years ago locomotives were made with 
four wheels, but those with six wheels are preferred at the 
present time. 

The chief point of difference between an ordinary steam-engine 
and a locomotive, is that with the latter the boiler attached is 
of a veiy peculiar construction. 

On opening the furnace-door of a locomotive, you will observe 
a square box which is called the fire-box, which is in feet the 
furnace which affords heat. Opposite to the door of the furnace 
you win observe a large number of holes ; these are the ends of 
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long tubes which stretch from one end of the boiler to the other, 
and are sun-ounded with water. The flame of the furnace runs 
through these, and the smoke escapes at the other end, into the 
funnel. 

There is a very ingenious arrangement employed in the loco- 
motive for the purpose of increasing the draught. The waste 
steam is brought, by means of pipes, from the cylinders, and is 
driven in a straight line up the funnel. As it thus escapes the 
air is drawn powerfully by it through the coals and coke of the 
furnace, and the combustion of the fuel is therefore carried on 
very rapidly. If it were not for this invention, it would be 
impossible to obtain sufficient steam to enable us to travel at 
the speed we do on railroads. So powerful is the draught, that 
lumps of burning coal as big as an apple are drawn through and 
blown to a height of ten or fifteen feet into the air, a result you 
may often see if travelling at night. Sometimes serious fires 
have been occasioned through these pieces lodging in hay, com, 
&c., in adjacent fields. If you try the following experiment, you 
will gain some slight idea of the power of this steam-blast, as it 
is called. 

Experiment 45. — Fix into the spout of a tea-kettle by means 
of a cork, a jet of glass, or even a piece of the stem of a tobacco- 
pipe. When the water boils and the steam issues forth very 
rapidly, hold a few feathers, or pieces of paper, just at the back 
of the jet, near where the steam is issuing from. You will find 
that a powerftd draught is thereby created, and the feathers, <fec., 
will be blown off into the air. You thus use a pressure not 
exceeding a pound or two on the square inch, whilst in the 
locomotive the pressure of the blast is enormously greater. 

The tender of the locomotive carries the coal, coke, and 
water required during the journey. Besides these, the driver 
generally has with him two or three tools, in case of any trifling 
accident happening to the machinery, which he can thus repair. 

The whistle of the locomotive is made on exactly the same 
principle as the common boy's whistle. It is, however, a 
roimd one, and the steam issues fix)m a rim, and striking 
against a thin brass bell placed over it, produces the well- 
kaown sound. 

In most locomotives all the wheels on each side are connected 
together by means of a long rod. The object of this is to pre- 
vent them slipping. When a train is about to start, the wheels 
of the engine sometimes slip on the rail, especially in wet 
weather. The arrangement we have named, together with a 
little sand which is let out of a small box in front of the wheels, 
are the two methods adopted to prevent this slippin.^. 
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The annexed engraving repi^esents an improved kind of loc50-. 
motive, such as is now generally employed. (See fig.. 13.) 




Fig. 13. 

You will observe a covering at the end, where the driver is. 
placed, and you will never know the value of such an ar^:ange-, 
ment until you spend an hour or two alongside of the driver. 
Even in fine weather the force of the wind as the train rushes, 
on is very troublesome to a stranger ; but when you add, to this,, 
hail, snow, rain, and dust, all of which are rushing on you at, 
perhaps the rate of fifty miles per hour, you will at oncp see, 
that travelling on an engine is not the most pleasant occupOiUonr 
in life. 

As you will, perhaps, never .have the chance of performing^ 
such a journey, we will give you the benefit of our own expe- 
rience. In travelling at the ordinary speed on an engine, in a 
flat country, such as you find in Essex, Cambridgeshire, <fec,, the 
trip is, perhaps, as pleasant a one as you can choose, provid.ed 
the day is fine. Our first attempt at a journey of thi^ sort was 
on the Gravesend and Chatham lina About half-way between 
the towns you have to pass through a timnel, in which, at the, 
time we speak of, the road was built on piles over th^ water of 
a canal. The least slip on one side would have sent engine and all 
into the water. Looking straight ahead, nothing but pitchy dark- 
ness could be observed ; and what with the noise of the train and 
its ecBo, together with the glare and smoke of the fire, w:^ CQuld. 
only imagine that we had by some means gained an entraipLpe to 
a Pandemonium. In travelling amongst the cuttings of a rocky ^ 
country, such as that between Kendal and Carlisle, or between 
Edinburgh and Kelso, the effect on a stranger is peculiar. You 
constantly imagine at each curve that you will almost instantly 
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run into the rock. The speed you are travelling at blinds the 
eyes and has a stupifying effect, from which you are suddenly 
roused by another train rushing past you, and leaving you in 
a mist of dirt, dust, steam, and smoke, emitted from its funnel 
We never read of the trial of any imfortunate engine-driver, 
without heartily wishing that the jury were compelled to take 
an hour's trip on an engine, before they delivered their verdict. 
They would then be able to make a just allowance for the 
physical miseries which these poor fellows have to endure. 

With respect to the utmost speed which can be obtained by a 
locomotive, there is, we believe, no reliable information. We 
have an indistinct remembrance of reading an account in a 
newspaper, some years ago, of*a trip said to have been taken by 
Mr. Brunei and other gentlemen on the Great Western line ; and 
if our memory serves rightly^' t;hey attained a speed of nearly 
one hundred miles per hour. ^Ve have'bften travelled between 
Slough and London, a distance of eighteen miles, in twenty 
minutes by the morning up-express. On one occasion, after we 
had been detained by an accident nearly two hours between 
Derby and London, the few passengers in the train at Rugby 
were put in one first-class carriage, which, with the engine, 
tender, and break- van, formed the train. The distance of eighty- 
two miles was travelled over in ninety minutes. In the year 
1835 the mail-coaches travelling to Manchester took eighteen 
hours on the journey. At the present time you can travel 
from Glasgow to London, a distance of over four hundred miles^ 
or 'more than double that of fi'om Manchester to London, in 
ten hours and a hal^ or at the rate of about forty miles an hour, 
including all stoppages. 
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We now proceed to speak of the kind of engines employed 
in steam-boats. These are almost always of the low-pressure 
kind, and have attached to the cylinder, by means of a pipe, 
a condenser, in which the steam is converted into water, and 
again pumped into the boiler. 

We have already so frequently spoken, both in this and the 
section on Heat, of the condensation of steam, that it will only 
be required that we should give you an idea of what sort of an 
arrangement a condenser is, and for that purpose we refer you 
to the annexed engraving. 
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On the left hand is the condenser, which in most cases, as in 
our engraving, is surrounded with water. Towards the lower 
part is a pipe through which water passes— the quantity of 
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which is regulated by a stopcock and handle. At the top of 
the condenser is a pipe which leads from the cylinder, and by 
this the steam reaches the condenseri On the right hand of 
the diagram you observe a pump : this performs two offices, 
viz., that of pumping the air from the condenser which enters 
with the water, and it also supplies the boiler with water by 
means of the pipe passing to the right-hand side of the cut. lii 
the side of the condenser a barometer is fixed, whose upper end 
terminates inside the condenser, and by which the vacuum of the 
inside of that vessel is indicated. Of course the mercury never 
stands so high as that of the ordinary barometer, because the 
vacuum inside the condenser is much inferior to the barome- 
trical one. It should range from twenty-five to twenty-seven 
inches, on an average. 

We need scarcely tell you that with a condensing-engine you 
can work with steam at a less pressure than that of the atmo- 
sphere. In fact, were you to open the safety-valve, the air 
would. in such a case rush into the boiler instead of steam 
rushing out. In practice, however, this is never done. A 
pressure of from four to twenty pounds beyond that of the 
atmosphere is employed ; and yet these engines are called " low 
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pressure ; " the term " condensing-engines " would be more 
proper, and is often used. 

We feel some difficulty as to the choice of the best kind of 
marine engine as a subject of illustration. Like the stationary 
engine, they have assumed a vast variety of forms, both when 
used as screw or paddle engines. Fig. 15 represents a beam 
condensing-engine of the land chiefly placed in large steam- 
vessels, and we add a description of each part. 

Fig. 15. 




In the above engraving we have a section of the beam, or, as it is 
sometimes called, the side lever engine, where 
a is the piston rod. 

b, the steam-pipe, leading from the boiler. 

c, the cylinder, in which the piston works. 

d, the beam, or side lever, to which the piston-rod is attached by means 
of a connecting-rod. 

e, the air-pump, attached to the condenser. 
/, the condenser. 

g, the eccentric. 

h and i, rods attached to the top of the piston-rod, which have the 
effect of keeping it in a straight position. 

k, the rod attaching the eccentric to the sUde- valve. 

I, m, and w, the sUde- valve and its box. 

o, the cross-head by which the crank is connected by a rod with the 
beam or side lever. 

p, the crank which turns round the paddle-wheels. 

Messrs. Penn, of Greenwich, introduced a very useful form of 
the steam-engine, wherein the crank is fitted directly to the 
piston-rod. The cylinder oscillates to and fro ; and hence these 
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engines are called "oscillators." There are many of these 
employed on the Thames, and, with few exceptions, all the small 
steam-boats plying " above bridge " are fitted with engines of 
this class. 

On the Clyde, an engine which has the crank over the top of 
the piston-rod, but not connected with it, is much employed ; it 
has been called the " steeple engine," on account of its peculiar 
shape. 

The engines employed in driving a screw steam-vessel are 
generally placed at the stem of the boat, and, whilst con- 
structed on similar principles to those we have described, are 
made as compact as possible, for the purpose of economizing 
space. 

The largest engines of either kind yet made are those of the 
" Great Eastern" steam-ship, which, perhaps, many of our young 
friends have seen. They are altogether an astonishing instance 
of human skill, and we could imagine the delight which James 
Watt would experience in witnessing the triumph of his in- 
ventive genius, as exhibited in the present day. 

We have hitherto only mentioned the high-pressure engine 
as employed on land. In many situations where there is plenty 
of water, condensing-engines are used. It will be unnecessary 
for us to detain you by a long account of their construction : 
we have already spoken of each part, and shall, therefore, only 
furnish you with a description and engraving of one of the 
most improved kind at present used by millowners and others. 
(See fig. 16.) 

In deep mines, for coal, iron, <fec., a large quantity of water 
is generally found. This is a source of great danger to the 
miners, and therefore requires continually pumping away, to 
keep the mine in a fit state to work in. A peculiar kind of 
engine is erected for this purpose. A large cylinder is 
employed, as usual, but there is no fly-wheel or crank. The 
piston-rod is attached to the beam overhead, and at the fui-ther 
end of the beam long rods are connected with the pumps. On 
the steam being admitted into the cylinder, the piston is pressed 
down, and the water di-awn up by the plimger of the pump. A 
few seconds of time are allowed, so as to permit the water to 
run away. Steam is then admitted to the lower part of the 
cylinder, and the piston again rises ; the plimger of the pump 
descends ; and thus the process of pumping is carried on. The 
boilers are often of a circular form ; and as the cost of coal is 
very trifling, we need scarcely say that its economy in use is 
not much cared for, — a circumstance which makes the neigh- 
bourhood of a pumping-engine somewhat remarkable for the 
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quantity of smoke anitted from the chimney. Tou will obtain 
a general idea of this dass of engine, <fec., by im^eeting fig. IT. 

Fig. 16, 




In fi^. 16 we have an illustration of tiiie land-condensing engine, where 
A is me throttle- valve of the steam-pipe. 
B, the slide-valve. 
G, the cylinder. 
n, the piston. 

E, the condenser. 

F, a valve leading to the air-pomp, 
o, the air-pump. 

H, a cistern of water supplied by a pump. 

1 1, the water-supply pump. 

K, the governor, 

L, a large cistern of water surrounding the condensefi. 

H, the rods for maintaining by a parallel motion, the piston-rod in its 
proper position. 

You "w-ill also recognise the beam-crank and fly-wheel, of which we 
have already spoken. 



We have thus attempted to convey to your mind what we 
trust will prove useful information in respect to the construction 
of the high-pressure and condensing steam-engines. We omit 
fiirther account of the expansive engine as being beyond the 
limits of our work. 



290 



EXTERIMENTS IN PNEUMATICS. 



'With tespect to the uses of the steam-engine, it would be 
impossible for us to give you an enumeration. It has been our 
good fortune to mix much with manu&u;turing and various 
other occupations. We have watphed steam-engines spinning 
cotton, woo], and silk, and in the same city have seen small ones 
cutting bread-ajid-biitter, and cleaning our shoes. In one 
place we found it drawing the treasiu-es of iron and coal from 
the bowels of the earth, and within a mile off have seen it 
&shioning the metal into bars, rods, wheels, and steam-engines. 
In Birmingham and neighbouring towns you will find it pro- 
ducing pins, needles, and fine metal articles; and at Glasgow 
you "Will see it employed in the form of the steam hammer^ 
forging masses of iron wei^iing many tons each. But we must 
stop : we are just reminded, while writing this, that a neighbour- 
ing steam-engine is waiting for t^e " copy," and we must 
cc^clude by expressing our belief that, of all the applications 
of this wonderful machine, ihe most useful, and perhaps the 
most beneficial, is that of spreading knowledge, by means of the 
printing-press, to the very ends of the earth. 




Fig. 17- 
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WIND AND ATMOSPHERIC PHENOMENA. 

In our previous pages of this section we have drawn your 
attention, in our experiments and remarks, to some of the most 
interesting laws and applications of the branch of science called 
Pneumatics. Before concluding the subject^ we will say a few 
words respecting some natural occurrences. 

In this country it is a common saying to observe of a person^ 
that he is " as changeable as the wind," but science has lately 
thrown much light on the cause of wind, rain, &c. We have 
alluded to this when speaking of the barometer. Since th^ 
electric telegraph has been so much extended, philosophers have 
taken advantage of it to ascertain the changes of weather which 
are constantly occurring at places far distant from each other ; 
and we need scarcely tell you that, residing in Londcxi or 
any other large town, you can in a few minutes learn the 
direction of the wind and character of the weather at almost 
any other place in Europe of which you choose to inquire. 

Now, although the wind is changing continually, still it does 
so according to certain laws. The wmd is caused by a ciuTent 
of hot air ascending from the earth, which, leaving a partial 
vacuum, causes the cold air to rush in to take ita place. 

If you should happen to travel in a hilly country, you will 
notice that there are always cold currents of air to be found at 
the tops of mountains. You may, in the north of Yorkshire, 
Westmoreland, and throughout the whole of the north <rf 
Scotland, observe, till about the end of May, that whilst in the 
valleys ihe air is oppressively hot, from the heating effects of 
the rays of the sun, the tops of the hills axe covered with snow, 

A few years ago, jn the early part of June, we were enjoying 
a picnic party near I^ichmond, in Yorkshire, and the heat was 
extremely oppressive. Two of us, however, seeing some snow 
cm a hill at a Kttle distance off, determined to procure a little, 
and we were accordingly soon in possession of " iced wina" 
One side of the hills in such cases is very hot, and from these a 
current of air is continually ascending. Eventually the cold 
air at the top descends, and being heavier than the hot air, a 
brisk cold wind is produced. In extreme instances whirlwind^ 
are produced by the same cause. In many parts of the High- 
lands of Scotland you will be suddenly surpiised by a gust of 
cold wind, forming a pleasing contitist to the oppressive heat of 
a summer's day. 

You will not fail to have noticed that when residing by the 
geaaide there is almost always a pleasant breeze setting toworda 
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(ihe land each evening. This is owing to the expansion of the 
air, caused by the heat absorbed by the surfiice of the eartb, 
producing an ascending current. The air from the sea being 
cooler, blows towards the shore, to fill the partial yacuum created 
by the hot air. 

Even in our churches and other places where large assemblies 
are found, the same rule holds good. The walls are co]d, whilst 
the centre of the room is very hot. The hot air comes in 
contact with the cold walls, and being thereby cooled it rapidly 
descends, and all persons sitting near the wall will experience 
a oo]d draught. Some amusing I'esults often take place owing 
to this ; for whilst many persons are overcome with heat, othen 
are shivering with cold in the same room. The glass of windows 
also has a tendency to produce these cold draughts, on acooimt 
of its readily carrying away the heat from the air ; henoe in 
many places double windows are used, which generally camot 
this influence. 

We once were consulted respecting the ventilation of a 
large church in London, where the causes we have named above 
were in full operation. It happened that there were nHmeroos 
windows, and of course these i*apidly cooled the air. Erery 
attempt to warm the edifice on a winter's day was abBohitdy 
useless ;. for, whilst under such endeavours the centre of Afi 
church was &r too hot, the sides were miserably cold. But ilie 
cure was remarkably simple : a sheet of thin calico, faateotifi. 
over each window, prevented the hot air being rapidly ooole^ 
and so, of course, stopped the downward draughts, of whieli m 
many complaints had been made. On the Sunday after tlie 
above simple remedy had been applied, the thermometer indicated 
nearly the same temperature at the sides and in the middle of 
the church. 

We might easily extend these remarks, and explain to you 
the causes of a variety of other interesting occurrences in nature, 
such as hail, snow, <fec., but this belongs more to the science of 
Meteorology, We trust that we have said enough to show you 
how univeraal the application of scientific truths is, for we have 
just seen that the storm of wind, the gentle breeze, and the 
▼entilation and comfort of our houses, each depends on tlie 
existence of one law, and its action on one agent. 



Experiments in hydrostatics 
and hydraulics. 




r^ 



We shall now 

iiitixjduco a few ex- 

perimenta wliich 

will illustrate a 

branch of acienre 

called Hydroeta- 

tic3 ; and here we 

shall have to refer 
chiefly to water, as a type of other fluids. We must here 
remind our young friends that, dealing as we are with the 
physical properties of fluids, their chemical characters will^not 
afiect the result of our experiments. 

We stated in our Pneumatic experiments that the air had 
weight, and that it pressed with a force of fifteen pounds on 
every square inch exposed to its action. Fluids of all kinds 
exercise the same sort of pressure, and a very simple experiment 
will show that the greater the depth of the fluid, so much 
greater is the force with which it presses. 

Experiment 1. — In the side of a water-butt or cask filled 



294 EXPERIMENTS IN HYDBOSTATICS. 

with water, bore three holes; one near the top, one in the 
middle, and one near the bottom. This can be done with a fine 
brad-awl, and the holes can afterwards easily be filled up with 
little pegs of wood. On observing the distance to which the 
water is projected, you will find that fix)m the bottom hole to 
proceed farthest, because there the pressure is greater than in 
any other part of the cask. 

A very singular result is obtained from the pressure of fluids : 
it is this, that a small quantity, say of water, can be made to 
balance a large quantity, as may be seen by the next experiment. 

Experiment 2. — ^Attach to the tap of a cistern of water a 
gutta-percha tube, and then elevate the tube, in an upright 
position, so that it shall be parallel to the cistern. On opening 
the tap, the water will rudb up the tube, and attain the same 
level therein as in the cistern ; and if you now pour water into 
the tube, you will not be able to make it rise beyond the level 
of the water of the cistern, because they will just balance each 
other. 

Experiment 3. — ^The effect of this may be better seen if you 
attach an upright pipe to a pair of oommon bellows. The 
weight of the air in the tube will not cause the bellows to rise ; 
but if you pour in a little water, the upper part of tibe bellows 
will at once move upwards, owing to the pressure of the fiuid in 
all directions. 

Experiment 4. — ^Repeat the experiment, by first plkciDg m 
heavy weight on the top of the bellows. Then pour la 0ome 
water through the tube, and the bellows will at OBOe lisa 
Instead of using a weight, you may stand on the bellows 
yourself 

Experiment 5. — ^These experiments succeed owing to the 
causes we have named above ; and we can give you anotbet 
illustration, showing you what an extraordinary effect a small 
portion of fluid may produce. For this purpose, fix into a small 
beer-cask a long narrow tin tube, so that the tube may reach 
inside, and fit in quite water-tight. Having all arranged, and 
presuming the tube is a few feet high, pour into it some water. 
Continuing to do so, the pressure of the fluid acting on all sides 
of the cask will be so great as to burst it. 

On the same principle the hydraulic press is constructed. A 
small pump is connected with a large vessel in which a solid 
iron piston is accurately fitted. This piston rises up and down 
inside the vessel ; and when in use, the small pump drives water 
into the large cylinder, and forces the piston upwards with 
enormous pressure. In this case a small quantity of water is 
made to do a, large amount of work ; and to give you some idea 
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of the ejffect produced, we may say that if by means of the small 
pump you force in a column of water an inch wide, with a force 
of fifty pounds, and the area of the piston in the large vessel is 
100 square inches, or say ten inches each way, you will thus get 
a pressing-force of no less than five thousand pounds, or some- 
thing more than two tons. As, of couibc, the amount of pressure 
named above is very trifling, and as it is easy to work it with 
a pressure of much greater power, this instrument becomes of 
great value for a variety of purposes, for which a press may be 
required. 

The Bramah press is much employed in the manufe-cturing 
districts, for compressing bales into a small space. As the rate 
of sea-carriage is charged on bulk and not on weight, this 
instrument becomes of great value, and diminijahes the cost of 

Fig. L 




Fig. 1 represents the hydraulic press usually employed for the purpose 
we have named. 

A is the press cylinder. 

B, its plunger. 

c, a plate on which the article to be pressed rests. 

D, the top of the press, towards which c rises when the press is in 
action. 

E E, two guides. 

p, tiie pump cylinder. 

G, the pump liandle. 

H, the rulcruin of the pump handle. 

I, the plunger of the pump. (Fig. 2. ) 

K, the guide for the phinger rod. 

L, the supply.pipe to the press, through which the water is driven by 
the small pump. (See fig. 2.) 
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carriage. Wool and cotton bales are thus pressed before being 
shipped to this countiy ; and the extent of the pressure they 
have undergone may be judged by cutting one of the ropes with 
which such bales are bound. The rope will instantly burst 
open with great force ; and if it should happen to strike the 
body, may do serious injury. A bale of cotton, after being 
unroped, &c., will soon expand to a space three or four times 
that of its previous bulk. 

Fig. 2. 




Fi^. 2 shows a section of a pump and press. 
M is a valve through which the water is pumped up. 
N is a valve throu^ which it passes to the press. 
Q is a water-tight collar through which the press rises. 
(The above letters xefer to both diagrams.) 



This press is often used for the purpose of raising weights. 
The Britannia Tubular Bridge was thus raised in sections. 
Enormous presses of the same kind were used in launching the 
" Great Eastern ; " and a similar plan is often employed in our 
large docks, for the purpose of raising heavy weights from the 
holds of ships. 

We can give you an idea of the extent of pressure which 
water exercises on any vessel in which it is resting. In our 
section on Pneumatics, we stated that a column of water thirty 
feet high balances a column of air forty-five miles high, or, in 
fact, is equal to a pressure of fifteen pounds ; hence a pipe one 
Inch in area, or about an inch and an eighth in the bore, and 
.•fcwq feet longp will just hold one pound of water. 

In Expei-iments 3 and 5, with the bellows or cask, it follows 
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that if the tube you use is four feet high, it will contain two 
pounds of water ; and, supposing that either bellows or cask 
contained a top surface of 100 square inches, you would obtain 
an upward pressure of 200 pounds ; but as the pressure is equal 
in all directions, the whole of the surface of the cask would 
have to be measured in square inches, and the number so found 
to be multiplied by two pounds ; when you would obtain the 
total pressure which the cask had to sustain before it burst. 

It follows that, at great depths, the sea must exert a very 
great pressure on any substance in it. We have seen small 
pieces of wood which have been sunk to great depths, and 
which had been so compressed as to be heavier than water on 
bekig hauled up on deck. In sounding great depths at sea, 
and sinking with the lead a square corked bottle, the latter 
would have its sides crushed in by the immense pressure exei-ted 
by the water. 

There is another property of all fluids to which we must 
invite your attention ; and that is, their tendency to seek a level. 
The fact is so well known in daily life that you may perhaps 
be surprised that we should mention it ; but as the applications 
of this law are so numerous, we must by no means omit it. The 
water-supply of our large towns hi an instance of its application. 
In most cases a large reservoir is erected, from which pipes are 
laid. These pipes are called mains, and from them smaller ones 
are laid on, for the purpose of affording the supply to our houses. 
The water of the reservoir, running through these pipes, is 
simply seeking a level corresponding with that from which it 
has proceeded ; and supposing the reservoir to be higher than 
the houses which are to be supplied^ of course the water may 
be conducted to the highest rooms therein. You may illustrate 
this, and, at the same time, make a fountain in your garden, 
which will play as long as any water runs into it from a higher 
level. 

Experiment 6. — Attach to a cistern, raised to some height, a 
pewter or gutta-percha tube^ and to the end of this fix a stop- 
cock and jet. If the latter are placed at a lower level than 
the cistern, the water, on being allowed to flow through the 
tube, will fly up into the air to a height nearly that of the cistern 
fr'om which it flowed. It will not reach quite that height, be- 
cause it has to overcome the friction of the pipe, and the resist- 
ance of the air. By placing such an arrangement in the centre 
of a flower-bed, you may easily construct a garden fountain. 

The spirit level, used by surveyors, is made on the same irnn- 
ciple. You may easily construct one as follows : — 

Experiment 7. — Take a piece of glass tube, eight inches lon^ 
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and half an inch in the bore, and heat red-hot successively about 
an inch or two from either end Draw each into a thin tube, 
and break off the end pieces. Now seal one of these, hj holding 
its fine end in the gas flame till it is quite melted. When cool, 
put the tube into some hot water till all the air has been driven 
. out except a bubble or two, and the water has taken its place. 
You must then seal the o{her end. If you place the level thua 
made on a table, you will find that if the table is quite smooth 
and level, the bubble of air will rest in the centre of the tube ; 
if it is not> the bubble will rise towards that part which is 
highest. 

The construction of canals depends on the principle that fluids 
will find their level. In almost every instance they are con- 
structed at different levels throughout their length, Mid reser- 
voirs called locks are employed to acconmiodate the levels to 
each other. On a barge requiring to pass fi*om a high to a lower 
level, it is made to enter the lock. The communication between 
that and the upper part of the canal is then cut ofi^ and the lock 
IS gradually emptied of water until of the same level as the 
lower stream. The chief of the canals in England is the Grand 
tTunction, which extends from London te Manchester. In 
Scotland there are two canals joining the Atlantic with the 
Korth Sea^ on each of which you may often observe the strange 
sight of a fiill-rigged vessel sailing in a narrow stream through 
the fields and h^s. We refer to the Forth and Clyde, and the 
Caledonian Canals. 

A French engineer, M. de Lesseps, is at present enga^^ 
in constructing a canal across the Isthmus of Suez, which is 
intended to connect the Red Sea with the Mediterranean. 
When completed, it will be the largest of its kind. We need 
scarcely remind those of our young readers who are acquainted 
with geography that the passage of vessels through it wHl 
shorten, considerably, the voyage from here to India. 

In hilly countries the principle of fluids always seeking a 
level has some very serious results. After a long winter, when 
either much rain or snow has &i11en, immense bodies of water 
accumulate, and there collecting, eventually burst forth, spread- 
ing destruction on all sides. As this generally takes place very 
suddenly, the inhabitants of these districts have little warning, 
and a fearful injury to life and property thus ooours. About 
three years ago the Crinan Canal bursty and the force of 
water was so great that immense rocks were driven about as if 
they had been pebbles. The most remarkable instance of a sud- 
den irruption of water fi:om hills that we have heard of in this 
country, was one mentioned to us by a gentleman engfiged in 
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constructiiig a railway bridge over the Spey in the north of 
Scotland A " wall " of water five feet high suddenly rose, and 
rushed on with such rapidity that a person who was mounted 
on a swift horse could barely reach the bridge in time to warn 
the workmen of the impending danger, the firat intimation of it 
having been learned at a distance of three miles off. 

The undulating appearance of many parts of England has 
been caused by the flowing of ancient seas in their search after 
a leveL The daily tides which flow around our coasts are another 
natural instance of the operation of the same law. One of the 
most interesting instances, however, is that of well-digging, and 
more especially the construction of Artesian wells. In almost 
every part round and in London, water may be obtained by 
digging into the soil for a few feet. This is owing to the water 
from the surrounding hills sinking tp obtain a level. Most of 
lihese hills are formed of sand, through which the water speedily 
filters, and pressing down with great force, it rushes rapidly 
up if. the clay on which London chiefly stands is bored through. 
In some cases, the water thus obtained from Artesian wells 
rushes far above the level of the ground through which they 
have been bored, owing to its having come from a greater 
elevation. 



FLOATIKG AND SWIMMING. 

The next subject to which we shall allude in connexion with 
Hydrostatics, is that of floating bodies. 

"We must, how:ever, refer to the remarks we madjd in a 
previous page respecting specific gravity ; otherwise you will 
scarcely understand how it is that some bodies will floaty and 
that others will not, in the same fluid. 

"We already have mentioned that specific gravity simply 
means the relation which bulk has to weight when two bodies 
are compared with each other. (See page 61.) But in the 
instance we there took, we assumed water a^ our standard, and 
as such it is generally employed. We must here, however, by 
means of a few experiments, extend your information (A the 
subject. 

Experiment 8. — Half fill a glass jar with cold water, and by 
means of a funnel, whose end just touches the surfiace of the 
water, pour some spirits of wine^ which you have first coloured 
with a small piece of litmus. You will find that the N^irii ^'inSL 
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float on the surface of the water, owing to its being lighter. 
The same will occur if any oil is poured on water. 

You will thus see the necessity of having some definite 
standard with which bodies may be compared as regards their 
relative weights ; and we shall now explain to you how these 
weights are arrived at. 

Experiment 9. — Hang at the end of one of the pans of a pair 
of good scales, by means of a piece of silk, Uiread, or horse-hair, 
a piece of metal, as, for instance, lead. Now balance this 
exactly with weights in the other pan, after the usual manner. 
Take a note of this weight on a piece of paper. Having done 
this, dip the piece of lead into a glass of distilled water, and you 
will at once find that the pan &om which the lead hangs will 
require some weights to balance it. By some means the lead 
seems to have lost weight Now, this is owing to its having 
displaced water in the glass vessel equal to its bulk. In fkct, 
if you try the experiment by using a glass qtdte fiill of water, 
you will find, on carefiiUy weighing the water which runs over, 
allowing for waste, that the water will weigh exacliy as much 
as the weight you must add to the scale-pan holding the lead to 
restore the balance. 

If you now divide the amount which the lead weighed in the 
air by the amount you had to put into the scale-pan, holding the 
lead to re-balance the scales, you will have the specific gravity 
of the lead ; or, in other words, you will learn how much more 
a piece of lead weighs than the same bulk of water. 

Example. — Suppose the piece of lead weighed in the wr forty-five 
grains, and that you required to put four grains into the scale-pan on the 
lead side. Divide 45, the weight in air, by 4, the weight lost, and][you 
will have as the specific gravity of the lead 11.25, or a little more than 
eleven times that of the same balk as distilled water. 

You thus see how quickly difficulties in science may be got 
over by a little thought and perseverance. We recommend you 
to practise this plan of taking specific gravities by trying stones, 
pieces of metal, and other matters. Thus, whilst your infor- 
mation will be extended, you will also be attaining a readi- 
ness of manipulation, so necessary in scientific expeiiments. 

Experiment 10. — If you want to find out the specific gravity 
of any liquid compared with water, fill a glass bottle with the 
liquid, having first ascertained how much the bottle weighed ; 
then weigh the two. Having taken a note of this, now weigh 
the same vessel, filled with distilled water. Divide the weight 
of the liquid by that of the. water, and the quotient will be its 
gpecMc gravity. 
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The usual mode of taking the specific gravitj of liquids is 
by means of the hydrometer, of which there are several sorts. 
A very ingenious contrivance of this class is that of a number 
of small glass balls, which vary in size, and are weighted so as 
to rise or fell in liquids which have to be tried. When they 
float in any part of the liquid, it shows that their specific 
gravity is the same as that of the fluid under trial But the 
kind of hydrometer most usually employed is one consisting of 
two bulbs, to which is attached a long neck. The lower bulb 
is weighted by means of a little mercury ; the upper bulb 
only contains air, and the long neck encloses a scale, on which 
is printed various figures relating to the specific gravities of 
liquids. Its mode of use is very simple. The liquid to be 
tried is poured into a tall glass jar ; the hydrometer is intro- 
duced into it, and the figures level with the surface of the fluid 
are read off" as the specific gravity. 

We can mention another plan which can easily be carried 
out. Into a glass bottle pour as much distilled water as will 
weigh exactly one thousand grains, and make a scratch with a 
file on the outside, at the level of the fluid. Any other liquid 
of the same bulk will indicate, by its weight, its relative specific 
gravity to water on being weighed in the same vessel 

Ha^dng thus endeavoured to show you how to take the 
specific gravity of either solids or liquids, we shall now suggest 
a few experiments illustrating the reason why some bodies float ; 
and shall also say a few words on the art of swimming. 

To those who are unacquainted with the facts about specific 
gravities to which we have just referred, it would, at first 
sight, appear strange that iron and other metals may be easily 
made to swim or float on water. Indeed, when iron vessels 
were first introduced into steam navigation, there was a great 
outcry raised, on the groimd of the great danger which would 
ensue in their use. 

' Vessels of any material float on water simply because they 
weigh less than their own bulk of that fluid. Thus, a vessel 
lightly loaded has its keel or lower part much nearer the surface 
of the water than one carrying a heavy cargo. This you can 
easily observe by watching a vessel whilst in course of loading; 
You will flnd a line painted round the sides of most vessels, 
called the water-line ; and as the load is being put on board, the 
vessel sinks deeper into the water. In fact, her specific gravity 
is gradually increased. Vessels are never loaded so as to sink 
beneath this line in the water ; and attention to this point is 
essential to the safety of the vesseL 
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If a boat is loaded to such an extent in sea-water that she 
just floats, she will certainly sink on arriving in a river oi' fredi 
water, because the latter has less speciflc gravity than salt 
water. The reason of this you may see by repeating the fol- 
lowing experiments : — 

Experiment 11. — Put a bottle, capable of holding about a 
quarter of a pint of water, into the scale-pan, and weigh it 
Then pour into it exactly one thousand grains of distilled water, 
and make a mark on the outside of the glass, by means of a 
file. Throw out the distilled water and pour in some sea-water, 
so as to fill the bottle up to the scratch you have made on the 
glass. Now weigh the sea-water, and you will find that it will 
require about twenty-seven grains more to balance it; or, in 
other words, its specific gravity to pure water is as 1027 ta 
1000. 

Hence, a vessel sailing from a river port will rise out of the 
water on getting to sea ; and if you try the experiment on your 
body, you will find that you will be higher out of the water in 
the sea than in a pond or river. 

The following experiments will impress this interesting fact 
on your mind : — 

Experiment 12. — Float a piece of wood of an oblong shape, 
or a model of a ship, on some distilled water, and very carefully 
mark the water-line by means of a pencil all around its sides. 
Whilst in the water, press it down, and notice how soon it 
regains a still position. 

Experiment 13. — Instead of distilled water use common 
river water. You will find that the vessel will swim higher, 
owing to the river water containing various impurities. 

Experiment 14. — Make a strong solution of common salt in 
cold water, and now float your vessel in this. You will find 
that the water-line is very much higher fix)m the level of the 
solution than in the last experiment. In fact, to use a common 
phrase, it is more buoyant. If you press the vessel down into 
the salt solution, you will find that it takes a longer time to 
come to rest than it would in pure or river water, for the samtf 
reason that it floats higher. 

Ballast is used on board ships for the purpose of keeping them 
in an upright position when sailing; and a vessel without 
cargo will require more ballast when sailing out at sea than 
when in a river. 

Experiment 15. — Place a piece of iron on a little mercury : 

you will find that it will float easily on its surface, owing to 

the great specific gravity of the mercury. If you have the 

^opportunity of experimenting with a lai-ge quantity of mercury 



sciEKci: is swimmixg. 303 

ill a basin, try and force yonr hand to the bottom, and yon -will 
find considerable difficulty in so doing. 

By bearing Ihese facts in mind whilst you are learning to 
swim, you will feel the necessity of keeping the chest as full of 
air as possible, because that will diminish the specific gravity 
of your body, which in ordinary cases is much the same as that 
of river Vater. 

SWIMMING. 

The great difficulty which young persons have in learning 
to swim is to gain confidence in the fact that they cannot 
sink unless they make up their minds to do so. Now, this 
seems very strange, and apparently contrary to the truth ; but 
we think we shall convince you, if you determine to try the 
following experiments. We may just say beforehand that in 
one or two rivers in Great Britam — ^the Lea, near London, and 
the Clyde, near Glasgow, — ^the water is veiy soft, and fi:«e from 
salts, &c., so that as far as our experience goes, they offer more 
difficulties to the learner than any other. The reason of this 
you will remember by referring to our experiments with the 
vessel. (See Experiments 12, 13, and 14.) 

Experiment 16. — Choose a pond, or other sheet of water, 
which is not deeper than to allow you to stand up to within a 
few inches of the armpits in it, and drop a large stone, so that 
it may fall close to your feet. As it is passing through the 
water, observe how slowly it sinks, and remember, at the same 
time, that it weighs two-and-a-half times the weight of the 
same bulk of your body. Put out one of the feet, to catch it, 
and observe how very slight the blow is with which it strikes 
the foot. 

Experiment 17. — When the stone is at the bottom, fill your 
chest with air, close your mouth, and dip the head and arms 
into the water. You will find considerable difficulty in getting 
them down to any depth, because your limgs and arms weigh so 
much less than their bulk of water. 

Experiment 1 8. — ^Now tiy and pick up the stone ; and we 
think that before you succeed, you will be completely convinced 
that it is a vast deal more difficult to sink than to swim. 

Divers are aware of this ; and, for the purpose of causing 
themselves to sink, they often hang weights to their bodies. In 
all cases they are obliged, if without weights, to take a plunge 
head foremost ; and even then they cannot go very deep into 
the water. To give you an instance of this, we may state that 
being by no means the best form of body for swimmin^^ ^jq^ 
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also of more than the average height, we have never been able 
to go deeper, in plunging fix)m a bank two feet higher than the 
water, than about a couple of feet beneath the sui*face. 

Having thus convinc€Ki yourself of the difficulty of sinking, 
you may take the next step — ;of learning to float. Many 
persons recommend the use of bladders and cork floats ; but we 
would urge you not to adopt them. They are only intended to 
give you confidence in the water ; and we earnestly hope that 
the experiments we have suggested will have had that tendency. 
In feict, bladders are positively dangerous. We once saw a 
young man nearly lost through trusting to a pair of these placed 
under his arms. By some means, one bladder burst, and, having 
foolishly trusted himself out of his depth, he was rescued with 
considerable difficulty. 

Experiment 19. — To learn to Float. — ^Whilst standing in a 
shallow place gently fell backwards in the water, throwing the 
head back as fer as possible, taking care to keep the mouth out 
of the water. ^All other parts of the body should he kept below 
the sur/aeey as far as possible. They thus assist to float the 
head — which is one of the heaviest parts. You will find, if 
you try this in a calm manner, that the arms and legs are so 
light that they will gradually rise to the surface. 

Experiment 20. — If you have a j&^end with you, ask him to 
place the palm of his hand at the back of your chest. You 
will find that the least pressure, on his part, against your body, 
will easily raise you up ; and you will thus gather an additional 
amount of confidence. 

Experiment 21. — ^When you can thus float without any fear, 
keep th« palms of the hands turned downwards, and press them 
gently against the water ; you will find that you can easily raise 
yourself thus. Afterwards, bring the feet in towards the body, 
and then drive the soles flat against the water. You wUl 
observe, that if in stOl water, you can thus push yourself on- 
wards. Repeat these motions until you " learn the use of your 
hands and feet " — one of the chief arts in trying to swim. 

From floating you may proceed to swim forwards ; and for 
this purpose the head must be inclined backwards, as before ; 
but we shall not pursue the subject fiirther, as our plan is 
simply to teach the scientific truths involved in swimming, and 
not the entire art. 

We may, however, very properly give you the following 
cautions, each of which is suggested by a knowledge of scientific 
laws: — 

1. Never enter the water when you ai*e cold. Fear and cold 
coniiract the body, and hence increase its specific gravity. 
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2. Always keep the chest as fiill of air as possible, because 
that decreases its specific gravity. 

And lastly, remain in the water only so long as you feel a 
healthy glow. On the first feeling of fetigue, quit it im- 
mediately. 

In diving you must remember our remarks on carbonic acid 
in our Chemical section. As a continuous supply of oxygen 
is required, no person can remain long imder water. Fishes 
are enabled to do this because they gather oxygen from the air 
which the water contains, by means of their gills. Hence, a 
fish cannot live in water fi:om which the air has been extracted 
by means of the air-pump. 

In case of accidentally felling into the water and being unable 
to swim, you may easily keep on the surface by floating on your 
back, as we have just directed, or, if your hat should be close 
to you, instantly turn it, with the open part downwards. From 
its being full of air you will float some time, if you hold it by 
both hands in front of the chest. For this reasou ladies* dresses, 
which enclose much air, from their expanded form, have often 
been the means* of saving their lives in similar circumstances. 
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We shall now introduce a few illustrations of some different 
means of employing water for the purposes of a motive power ; 
and although our descriptions will not afford many experiments, 
you will be able to learn the Tnodus operandi of matters you 
may meet with in your walks and country visits. In our 
humble opinion, nothing exhibits to better advantage the intel- 
ligence of young persons than their ability to explain the why 
and wherefore of various arrangements they may accidentally 
examine. Sometimes, indeed, their fiiture prospects in life 
may be influenced thereby. We shall relate an instance, being 
that of a gentleman well known in England, and whose ac- i 
quaintance we have enjoyed for many years. Several years ago 
a poor boy was engaged as errand lad in a large warehouse in 

, After being there for a short time, he accidentally 

discovered an error in a calculation which one of the clerks had' 
made, by looking over a piece of paper which he was sweeping 
out of the counting-house. After much hesitation he determined 
to inform his master, whose interests were compromised to the 
extent of nearly a thousand pounds. His employer was ao 

3. 
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pleased ^th the intelligence the youth had shown, that he 
immediately advanced him ; and, to cut our story shorty we may 
state, that he prospered so well as to have been chosen member 
of Parliament for one of the largest cities in the empire, and 
during the late session took a very active part in connexion 
with public affairs. We hope some of our young friends may 
go and prosper likewise. 

Experiment 22. — One of the simplest modes of removing 
water from one vessel to another is that of using the syphon. 
This is a pipe bent in the centre, so that one leg ahaU be longer 
than the other. You can easily make one, by bending a pieee 
of pewter tube, say two feet long and a quarter of an inch wide, 
until one leg shall exceed the other by two or three inches, and 
be of the sha]^)e of the letter U. 

Experiment 23. — Place the shorter leg in a basin of water, 
and draw out the air by the mouth from the longer leg. The 
water will flow out of the basin through the pipe^ until the 
whole of it has passed away. This is owing to the water in the 
shorter not balancing that in the longer leg ; and as that frtim 
the shorter one rises, the pressure of the air acts on the liquid 
in the basin, and forces the whole of it over. 

Experiment 24. — Let the long leg of the syphon rest in 
another empty basin. When sufficient water has run over to 
fill both vessels to the same depth, the action of the syphon will 
cease, because both legs are then in such a position as if they 
were of the same length. 

Experiment 25. — ^Now lower the basin containing the end of 
the long leg. You will find that the water will at once com- 
mence to i-un over again. You will thus see how it is that the 
syphon works. Those which you often observe used in the 
streets by men removing spirits from casks, act in exactly the 
same way. They have simply the addition of a small tube at 
the side, by which the air is withdrawn, the person placing his 
hand at the same moment over the end of the long leg of the 
syphon, or closing it by means of a stopcock. 

A very amusing toy is sold by the philosophical instrument 
makers, called a Tantalus cup. In the lower part of the figure 
a syphon is concealed. The glass is filled with liquid, and so 
long as it rests upright the liquid remains in the glass ; but on 
tilting it on one side the syphon begins to act as named in 
Experiment 22, and the liquid runs into a lower vessel, of 
course disappointing the drinker. 

Our classical young friends will remember the &hle of 
Tantalus, who for some misconduct was placed by Jupiter in 
a river, whose waters flowed away from his mouth when he 
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attempted to drink. Hence the name of the toy we have 
described. 

Experiment 26. — ^The next simple instrument to which we 
shall call your attention is the wat^-hammer. It is a long 
glass tube, at each end of which is a bulb. One of these can be 
made by having two bulbs blown on a glass pipe by a glass- 
blower, one of which must be sealed. Some water is introduced 
into the sealed bulb, and boiled imtil the steam has driven out 
all the air. The other bulb must then be instantly sealed, and 
on allowing it to cool, you will find that as the water fitlls from 
one end to the other a loud noise is produced, which would lead 
to the impression, that some solid body was contained inside the 
vessel This effect is due tc» the resistance of the air having 
been removed, and thus the water in billing is enabled to acquire 
considerable impetus or force before striking the glass bulb. 

That water when flowing has considerable force, is evident if 
you watch the effect of the tides as they rise and Ml in a river. 
Even the ordinary current of a small stream may be employed 
for the purpose of obtaining a motive power. Hence the inven- 
tion of water-wheels, such as are employed in various parts of 

Fig. 3. 




AN OVERSHOT WHEEL. 



A is the spont supplying tilie water. 

B, the shaft of the i^eet to which the machinery is sometimes attached. 

C the spokes of the wheeL 

D, a tooth- wheel which connects with other wheels, and so moves the 
machinery of the mill. 

E, the plate on which tihe backets are fastened. 

r, the backets which reo^ve the water from the spout, A. 
G, the water running away from the wheel. 
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the country for use in flour, spinning, and paper mills. These 
are chiefly of three kinds, namely, the overshot, undershot, and 
breast wheel ; and, of course, they can only be employed in such 
places where an abundant stream of water can be obtained. 

The overshot wheel is so called because the water runs from 
the stream on its upper sui-face. The water is brought to it by 
means of a long trough, which ends a little past the top of the 
wheel in a kind of spout. In this wheel the weight of the water 
is the moving power to a large extent. Fig. 3 represents one. 

Our next engraving illustrates the undershot wheel, in which 
the water is supplied at the bottom, and acts by its impetus or 
force against the floats of the wheel. This kind of water-mill is 
in most respects of the same appearance as the paddles of a 
steamer. To work this and the next kind of wheel a long canal 
is generally made, which collects the water from a distance and 
from a higher level. The water is retained in this canal, or as 
it is termed a mill-race, until required for use, by means of 9. 
gate called a sluice. 

Fig. 4. 




AK VNDEBSHOT WHEEL. 

A is the reservoir of water. 

B, sluice, or gate, by which its supply is reeulated. 
0, the channel in which the water runs Scorn the sluice against the 
floats of the wheel 

D, the wheel, with its floats, which are boards fixed on its spokes. 
E is what is called the tail-race, in which the water rapidly passes off. 

The breast wheel obtains its name from the water being sup- 
plied at the side of the wheel, a little below a line drawn fix>m 
its centre, and the letters in our next figure have the same indi- 
cation as in the last, except that c points out the course which 
the water takes in driving the wheel. (See fig. 5.) 

In these you have illustrations of the chief of the dif- 
%rent kinds of water-wheels employed in our own coxmtry. In 
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Egypt and other places various other sorts are used, to which 
our limited space will not permit us to allude* You can ver j 
easily have models of these wheels made by an intelligent tin- 
Fig. 5. 




A BREAST WHEBL. 



smith, and at a very slight cost ; and by an ingenious contri- 
vance of the syphon, which we described in our Experiment 22, 
you can work small models without any difficulty. A pretty 
set of these was presented to the London Polytechnic some 
years ago, and they excite much curiosity and amusement 
amongst the juvenile visitors of that useful institution. 

Water-Clocks, — Nothing is more easy than to construct an 
arrangement which, by the regular flow of water from a pipe, 
may be made to show something near the time of the day. In 
former days these were the only means employed for that pur- 
pose, and wei*e sometimes of very complicated construction. 
Sand-glasses were used for the same purpose, and in some of 
our old chiuxjhes you may stOl see the old hour-glasses. There 
are very few old churchyards in England and Scotland wherein 
you may not see an hour-glass cut out on the tombstones. 

Experiment 27. — To make a Water-Clock. — ^Paste on the 
outside of a tall glass jar a strip of paper, and having made a 
syphon (see Experiment 22) of a very small bore, fill the glass 
with water and set the syphon to draw off the liquid, as we have 
already described. At each hour, half-hour, and quarter, make 
a pencil-mark at the exact spot where the water-edge is formed, 
of course using a clock or watch for the purpose of ascertaining 
the time. These marks will at once indicate how much water 
has passed out of the glass vessel in a given time. You will 
have to fill up the glass jar whenever the water has nearly rutt 
out, just as you would have to wind up a clock. You should 
also place a sheet of paper on the top of the jar, to prevent loss 
of water by evaporation. 
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The above is xmdonbtedly a clumsy mode of measurmg time ; 
but after all it may be made quite as accurate in its in<y€atiaDS 
as some of the cheap watches we often see exposed, and which 
are, generally speaking, only made to "selL" 

By means of wheels like clock-work, a water-clock may be 
made to register time on the face of a dial, and so really to form 
an efficient clock ; but the arrangement would be too compli- 
cated for you to attempt to make ona 

Rain-gauges are employed for the piupose of registering the 
amoimt of rain which f&lls, say in an hour or day ; you can 
easily construct one as follows : — 

Experiment 28. — To construct cmd use a Rain-gauge. — Into 
the top of a tall glass jar iit a tin or zinc fimnel. The jar may 
be a foot or eighteen inches high, and an inch and one- 
eighth wide. The fiumel should be ten inches square at its 
upper rim. On the outside of the glass jar fasten a strip of 
thick paper. This you must do by means of a solution of 
shell-lac instead of paste, because the rain would otherwise soon 
wash it off. This paper must be divided into inches and parts 
of an inch, in the following manner : — Suppose that your fiinnel 
measures ten inches square, ft will have an area of 100 square 
inches. If your glass is an inch and one-sixteenth in diameter, 
its area will be one square inch ; hence every inch in 
height in your glass jar will correspond to one-tenth of an inch 
of rain-falL Make, therefore, plain marks at each inch of 
height on the strip of paper, by means a£&pencUy and then 
varnish it over with some of the shell-lac varnish with which 
you fastened it on the glass jar. 

We have given a diameter a little too large for the glass jar, 
but still near enough for your pm-pose. If you place this gauge 
in any position on the ground, where it shall be quite exposed 
to the sky, but not too much affected by the wind, you will be 
able to measure the daily fall of rain ; and may add the result 
to your memoranda of the weather which we recommended you 
to make, when speaking of the barometer. Remember that 
each inch of your glass jar shows a fall of only a tenth paH of 
an inch. You should examine the gauge each morning, say at 
nine o'clock ; and having noted down its contents in your 
" weather " book, empty the gauge, and leave it till the next 
day at the same hour. 

To stimulate you in such interesting observations we may 
tell you, that if you make these in a careful and systematic 
manner, you will not only have a constant object of interest 
before you, but may largely add to the stock of useful informa^ 
tion J especially if you live at some distance from a place where 
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an observatory is stationed. If you will take the trouble once 
a week or month to copy your results on a large sheet of paper, 
written on one side ordy^ and send them by post to the Secre- 
tary of the Meteorological Society, London, such will, we are 
sure, be most thankfully received. 

We have some young friends who not only interest themselves 
in such matters, but actually make a considerable profit by col- 
lecting insects, plants, sea- weeds, minerals, and geological speci- 
mens, and disposing of them to collectors of these objects, and 
museums in large towns of England and Scotland. Although 
we may pursue science for its own sake, still there is no 
reason why we should not profit by it. The late celebrated 
Hugh Miller had collected a large geological museum whilst 
following his occupation of a stone-mason ; and we are sure that 
many of our young readers will have fiar better opportunities of 
collecting such matters than had that eminently hard-working 
man. Remember the old proverb, ^^ Nil sine lahore^^ or as 
Poor Eichard says — 

** There are no gains without pains." 

We shall next refer to some singular methods sometimes 
employed for raising water, and of some of these you can easily 
make working models. 

One of the last objects that you would suppose capable of 
suggesting an invention, would be the tx)ngue of the common 
cat You will no doubt have often watched her lapping up her 
milk. If you were to try to follow her example in drinking you 
would not succeed, because your tongue was intended for a very 
different purpose, and is differently constructed. 

Some years ago an inventor proposed to draw out water from 
deep mines by having a long and endless web of strong cloth 
stretched round two rollers, one of which was to be placed at 
the bottom of a mine, and the other at the top, — just, in fact, 
like the pulleys and bands by means of which machinery is 
driven. The top roller was to be driven at great speed, by 
means of a steam-engine, and then the band was run up and 
down the mine. The lower roller was placed beneath the 
level of the water at the bottom of the mine, and as the cloth 
band rose some of the water adhered to its surface, just as the 
imlk sticks to the surface of the cat's tongue. 

The water may thus be carried to almost any height, and at 
the top of the mine a kind of scraper is fixed, which tears the 
water off, and so allows the web to return to the mine compara- 
tively dry. One of these was erected in the London Polytechnic 
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some years ago, and we have seen it drawing up water to the 
height of thirty feet with perfect ease. 

Experiment 29. — ^You can easily construct a small model 
of one of these machines. For this purpose fix an iron peg, 
four inches long, at each end of a board. On these place two 
wooden rollers, such as common sewing-reels, but larger, so that 
they may easily turn roimd on the iron pins, and fix a handle 
into one of them. You must now sew together the two ends 
of a piece of thick calico, which shall be just long enough to 
stretch over both rollers, and form an endless band round them, 
two inches wide, just in the same way as cord is fitted round 
the rollers of window blinds. If you place one roller in a pail 
of water, and turn the handle of the other roller, so that it may 
wind the web round both, and hold your model upright, you 
will find the water " licked up," just as we have stated is done 
by the machine above described. The &ster you turn the 
handle, the more liquid will be raised. 

To still further undei'stand the principle on which this works, 
watch the hind wheels of a cart and a cab, when running in a 
wet road. The former will raise only a little water fix)m the 
ground, but the latter, presuming that it is going at some speed, 
will raise the water two or three feet, and, unless you keep a 
respectful distance off, may put an unpleasant end to your 
philosophical studies by casting the water over you. 

Another very ingenious mode of raising a liquid is that of 
the water-ram, the principle of which we shall explain to you 
before we speak of its construction. 

Experiment 30. — Bend a glass tube in a gas fiame till it is 
of the shape of the letter L. The upright leg may be two feet 
long, and the horizontal or bottom one about four inches ; or 
you may perhaps make the tube of this form more easily by 
bending a piece of pewter pipe, and fitting a straight glass one 
into one end, so as to make it of the shape we have mentioned. 
Place the short leg in a stream of running water, so that its 
open part may face the current You will find that the water 
will rise much above the level of the stream in the long tube, 
and the faster the current the higher will the liquid rise. 

A gauge of this sort can be fastened at the bows of a boat, or 
other vessel, and by graduating the tube the speed will be at 
once shown. 

On the above-explained principles the hydraulic ram is con- 
structed, an excellent form of which we have represented in 
fig. 6, in which the water flows from a reservoir through a, 
into an air vessel, f, from which a portion of the water is driven 
upwards through the narrow 'pii^ on the left of the engiuving. 
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Its momentum is increased by the action of valves, which make 
the effect that of a number of shocks on the water. 




A is the supply ; B and E E are valves ; c and r, air- 
vessels ; and D, a waste-pipe. 



Another, and also highly ingenious plan, is that of Archi- 
medes, hence called an Archimedean screw, one of which you 
can easily make. 

Experiment 31. — To construct cm Archimedean Screw* — 
Wind round a roller of wood, a foot long and two inches thick, 
a length of pewter tubing, say of a quarter of an inch in the 
bore. It should be wound in the same way as you will observe 
in the common screw, with each thread of the screw about an inch 
apart. If you now place this slantwaya in a pail of water, and 
turn the roller round quickly, the water will gradually rise in 
the tube, and may thus be lifted out of the pail. 

There are numerous other modes of raising water, which are 
very interesting. We have, however, selected those of which 
you can easily construct models, and shall, therefore, not weary 
you with adducing any others. 

You will not fail to observe how numerous are the applica- 
tions for which water may be employed. One of the great 
advantages of the study of science is, that it always tends to 
relieve man of the employment of what is sometimes called 
brute force ; and just in proportion as this point is reached, so we 
set free his intelligence. That which used to be effected by 
hand work is now done by head work ; and although some of 
our young friends may think it is the harder of the two, they 
must remember that is the most suitable to call out the faculties 
of a rational being. 
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MECHANICAL EXPERIMENTS. 



Young persons generally suppose that the bi'anch of science 
called Mechanics is one of the most uninteresting of all. It is 
so if it is studied by those who have not had a thoix)ugh mathe- 
matical training, but to such it becomes a source of deep 
interest. We are, however, inclined to believe that there is 
plenty of room for amusement even on this " dry " subject, and 
if our young friends will permit us, we shall endeavour to prove 
our position. In doing so, however, we shall make the title ofe 
this section of a very wide signification, yet, we tmst, without 
doing violence to sound scientSic arrangement. 

In our Chemical section we considered the different qualities 
of bodies ; under Heat, <fec., we experimented with those foixses 
-which change the appearance and nature of things ; under 
Soimd and Pneumatics we spoke of certain laws which gases 
obejr; and in our last section, fluids^ such as water, were the 
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objects of our experiments. We shall now deal with solids, 
and give you some experiments on various laws to which they 
are specially subject. 

You will at once admit that no two solid bodies can occupy 
the same place at the same time, but we do not always admit 
the same truth as regards liquids. Thus, when we dip the hand 
into a glass of water, we do not seem to force the water away 
from the hand, because it does not seem solid ; the following 
experiment, however, will at once correct our ideas. 

ExFERiMBNT 1. — Pour somc powdered lycopodium on a 
basin of water, and afterwards dip in the hand. You may do 
80 without wetting it, for on withdrawing the hand no water 
will adhere to its surface. 

In the same way, if you drive a penknife into wood, you 
simply drive on one side the small parts called atoms, of which 
the wood is composed. The only difference between the wood 
and the water in a mechanical point of view is, that the parts 
of the wood lie closer together. The property of matter of 
which we are now speaking is called its *•' impenetrability." 

If you inquire how it is that bodies are solid, we answer, 
that they are held together by what is called cohesive attraction ; 
that is, their parts are more closely together than those of 
liquids or gases, in which heat keeps their parts more distant 
from each other. The following are curious iQustrations of this 
power : — 

ExPEBiMENT 2. — Cut a lead bullet in half, and immediately 
place the two halves in contact with each other. If you now 
give them a slight turn, pressing on them at the same moment, 
Ihey will again adhera 

Experiment 3. — Press tc^ether two highly polished and 
clean pieces of plate-glass. They will, generally speaking, 
adhere with great force. For this reason the plate-glass 
companies always send out the glass with pieces of paper be- 
tween each plate, to prevent their adhering to each other. 
But this power of adhesion or cohesion varies very much in 
different substances, as the following experiments will show : — 

Experiment 4. — ^Lift up a heavy weight by means of a cord, 
a zinc, a lead, and an iron wire. Supposing that they are each 
of the same thickness, the cord, zinc, and lead wires will not 
sustain anything like the weight which the iron wire will do ; 
hence we learn that the cohesive power of the iron wire is the 
greatest. 

Experiment 5. — We can name a curious experiment with 
a cord, partly depending on its cohesion. Hang a heavy weight 
to the end of a very d/ry piece of rope, so tibat '^'fe "^«w^si^ ^Ss^sSSjl 
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just touch the ground. Now wet the cord thoroughly, or leave 
it all night in the open air during damp weather. In either 
case you will find that the parts of the cord have drawn nearer 
to each other, and so making the rope shorter will raise the 
weight from the ground. 

Experiment 6. — Cut a piece of common india-rubber, by 
means of a clean penknife, and then bring the edges again into 
contact ; they will instantly adhere, owing to ^eir cohesive 
power. By similar means india-rubber tubes may be mada 

Experiment 7. — Cut a piece of sheet india-rubber into 
slips, half an inch wide, and wrap them evenly round a pencil, 
so that their edges may come in contact. Press the edges well 
together, and leave them thus for a short time. You will see 
that they will adhere so closely as to make one piece ; and if 
you remove this frt)m the pencil, you will find that you have 
obtained a complete tube. 

Experiment 8. — Rub the edges of the india-rubber with 
some powder, of almost any sort. You will find that you will not 
be able to make the edges to adhere now, because of the presence 
of the powder, which prevents them coming close enough for the 
attraction of cohesion to exert its power. 

Air and many bodies exert the same effect You will re- 
member our experiment with the " sucker," under the head of 
Pneumatics, which, after the air was removed between it and 
the stone, adhered to the surface of the latter with great force. 
If it were not for this separating or repulsive power which such 
substances have, a great many inconveniences would arise in 
our daily life. For instance, we should never be able to leave 
hold of a friend on shaking hands with him. If we sat down 
on any seat there we should have to remain. Indeed, if we 
actually come in contact with anything, we should either take 
from them or leave a portion of ourselves ; and it is by no means 
an exaggeration if we tell you that one of the rarest things you 
do is to touch anything solid, although you seem to be doing 
so every moment of your lives. If you place your finger on 
polished plate glass, there is between it and the finger a 
stratum of air, grease, and water. If, however, you extend your 
experiment, and try a red-hot piece, you will be more successful^ 
and most likely to your sorrow. 

It will be needless for us to multiply instances of this kind ; 
they are so common in daily life as to be found in every moment 
of our existence. 

There is another property of all bodies, which is called 
"inertia." That is, no body can set itself in motion, nor when 
started will it ever Bt«p, \mle8!& aome opposing power 
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causes it so to do. You will at once say that this is quite con- 
trary to your experience, but we will soon convince you of its 
truth. Take, for instance, the case of the cannon ball It 
would not move of itself, but when driven forward by the gun- 
powder it eventually fells to the ground, and there rests. This 
is owing to two causes ; one being the atti-action which the 
earth has for it, and the other, the resistance of the air. To 
learn the extent of the latter, you can try the following experi- 
ment. 

Experiment 9. — Procure a sheet of tin plate and a leaden 
ball, each weighing the same. To each of the four cornel's of 
the plate hang a string, and tying the four strings together, 
attach a stone to them, so as with the plate to form a land oif 
parachute. Drop this with the stone downwards and the leaden 
ball, both at the same instant, from a window near the top of a 
house. You will find that although the plate, <kc., weighs the 
heaviest, it will take a longer time to reach the ground than the 
ball does; because, exposing so much more sm-face, the air 
affords a greater resistance to it. 

For the same reason, cannon shot and rifle bullets are made 
of a pointed shape, the bows of a vessel are made sharper than 
the stem, the edge of a knife finer than its back, <fec. 

In each of these instances you will perceive that there is some 
cause which brings the body to rest. We shall now refer to 
another, which is made much use of or avoided in most machines, 
we mean that of friction. 

Experiment 10. — Place a piece of unplaned wood on a rough 
board, and raise one end of the board, so as to form an angle 
with the ground. You will find that the friction of the two 
pieces of wood is so great as to prevent the smaller one running 
down the board. 

Experiment 11. — Now plane both surfaces, and afterwards 
grease them with a little lard. You will observe that they will 
then move more easily over each other's surface, because the 
friction is diminished. 

The following are instances wherein fi-iction is lessened by 
similar means, as in the launching of ships, when the " way " is 
greased, the oiling of axles and spindles of machineiy and the 
axles of cart and carriage wheels, &c. A national misfortune arose 
to us only three years ago, in India, through this piece of science 
being put into practice. It was foimd that if the cartridge of a 
common rifle is greased the ball flies truer to its mark. But as 
the use of grease of an animal kind is forbidden to the Sepoys by 
their religion, their rebellion is stated to have been caused by their 
being compelled to employ it for the purpose we ha.^^ Tka5fiL<^ 
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Of SO great consequence is the lessening of Mction in machi- 
nery, that its neglect in laige mills may cause the most serious 
accidents. We were some years ago standing in front of a large 
spinning frame, and watched the whole of l£e solid iron frame- 
work, two inches thick, completely drawn up. This caused a 
loss to the owner of above one hundred pounds, whilst the value 
of the oil which should have been applied would not have been 
a penny. You will say that this was a case of " Penny wise 
and Pound foolish." 

A very well-known effect of friction in destroying bodies is 
met with in the operation of sharpening knives. The heat pro- 
duced is so great as to bum off particles of the steeL Some- 
times, owing to the friction of the axles of railway carriages, the 
train is set on fire ; and if several axles were to become heated 
in the same manner, the train would be stopped by their friction. 

Friction is employed for the purpose of lessening motian j 
railway and other brakes are instances of this. 

Those of our young friends who are fond of skating and 
sliding know the value of smooth ice for that purpose. In 
many parts of the North of Europe skating and sleighing are 
more commonly adopted than travelling in carriages to whidi 
wheels are attached. 

Wheels are a contrivance intended to diminifth friction, and 
the following experiment may be tried to illustrate their value. 

Experiment 12. — Supposing that you are desirous of remov- 
ing a heavy weight much beyond your power, raise one end, by 
means of a crow-bar, and place under it a small roller of wood 
or iron; you will now be able to push it a short distance. 
Continue placing rollers until the whole bulk rests on them ; 
you will tiien be enabled to remove a very heavy weight with 
great ease, owing to the reduction of friction which the use of 
Qie rollers has effected. 

Blocks of stone, logs of mahogany, &c., are thus removed 
from the places where they are obtained. In America they use 
rollers for a very exti-aordinary piirpose. Whole houses are 
sometimes moved fit)m one street to another, without at all dis- 
turbing the fumitiire, <kc. Some years ago, the same plan was 
adopted to remove a lighthouse in the north of England, which 
was carried by roUers to a considerable distance, without sus- 
taining any injury, and at last was safely deposited in its new 
position. 

In Experiment 12 we mentioned the use of a crow-bar, and 
this leads us to say a few words about levers. 

The simplest instance we can offer you of a lever, is that of 
th/d common })oker. When you stir the fire, you take care to 



THE LEYER. 319 

have the shortest part of the poker distant from the bars, on 
which you rest it, in the fire, and the end of the longest part in 
your hand. Different names have been given to these pai'ts of 
a lever ; they are these : the part where the poker is held in 
the hand is that where the power is applied ; that which is in 
the fire is where the resistance is overcome ; and that which 
supports the poker, someway between these two points, is called 
theyt^^crwwi. When stirring the fire, the fulcrum is the grate- 
bar on which the poker rests. 

The crowbai*, the hand-spike, the end of the hammer used 
for drawing nails out of wood, a pair of scissors, <kc., are all 
instances of levers of this kind. In every instance, you will find 
that the further the point at which you apply the power is firom 
the fulcrum, the more force you can exert on any resistance. 

The beam of a pair of scales is an instance of a lever of this 
kind, and we will here suggest an experiment, by which you 
can have some f\ui with those who do not understand anything 
about levers. 

ExPERiMEKT 13. — ^When being weighed in a pair of scales 
with the beam overhead, request the person to weigh you very 
exactly. When he is putting in the last small weight, raise 
your hand and press the lower side of the beam ; your scale-pan 
will instantly fall. The person attending you will begin at 
once to put in more weights, fe,ncying he has made some 
mistake. Whilst he is doing this, quickly raise your hand to 
the top of the beam, at a little distance from where the scale- 
pan hangs. By so doing, the scale in which you are standing 
will at once rise from the floor, as if too many weights had 
already been placed against you. The pan in which you stand 
can thus be easily raised and lowered, and you may have some 
little amusement. 

When but a boy we discovered this trick, and highly enjoyed 
the confusion of a very decent, but hot-tempered person, who 
was weighing us. The only reward we got for our ingenuity 
was a stroke from a rope's end. We will just explain the 
science of the affidr to you. By pressing the underneath part 
of the beam upwards^ you lengthen the distance between 
yourself and the fulcrum of the scales, whilst the other side of 
the beam remains unaltered ; hence you naturally have the 
effect of casting your side down : whereas, when you press 
or pull down the beam on your side, you have the effect of 
shortening it ; hence the side where the weights are held falls 
down. The whole question rests on the equal or unequal 
distance between the ends of the lever, or beam of the s<»ile, 
and its centre or fulcrum. 
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The steelyard, often used by butchers, and at turnpike gates, 
is constructed on similar principles to those we have just named. 
At one end is hung the substance to be weighed, near the ful- 
crum ; on the other arm of the lever a small weight rests on 
notches, and the further this small weight is irom the fulcrum 
the more it can counterbalance a weight on the other side of 
the ftilcrum. 

The next kind of lever to which we shall invite your attention 
is one wherein the fulcrum is at its end, the resistance in or 
near the middle, and the power applied at the other end ; and 
the best known instance of a lever of this kind is the common 
hand truck, used in warehouses, for the purpose of removing 
bales, &c In it the wheels are the £alcrum, the resistance is 
the load, and the power is applied at the handles. 

You have a very £a,miliar instance in the nut-crackers, in 
which the nut is placed not far from the fulcrum, that is, the pin 
which keeps the two arms together ; the power, of course, is 
applied at the further end of the handles. 

The third order of lever has an illustration in the safety-valve 
of the steam-boiler. In this the fulcrum is at the end, the 
power is applied near it, and the resistance is afforded at that 
part of the lever most distant from the fulcrum. Our next 
engraving represents the kind of safety-valve usually employed. 



Fig. 1. 




A is the valve. 
B, the resistance, or weight 
0, the fulcrum. 

T), the point where the power is applied, which in this 
case is the force of the escaping steam. 

It will be no part of our plan to enter into a lengthened 
explanation of the mode of constructing the various machines 
in daily use, which are moi-e or less dependent on the use of 
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levers of either of the three classes we have just described. 
They are, indeed, so numerous as to defy the possibility 6i 
numeration. 

We flhall mention a few, which, coming as they do under 
your daily obsei'vation, may acquii*e an interest from your being 
Aiabled to apply a little scientific knowledge when studying 
their use and construction. 

The handle of a common pump is a lever, where the fulcrum 
is the pin, on which the handle works. That portion of the lever 
held in the hand is the point where the power is applied ; and 
the part connected with the rod of the pump, that which affords 
the resistance. 

A wheelbarrow is another instance of a lever, and is of the 
same class as the hand-truck, to which we have already re- 
ferred. 

A wheel and its axle form a continuous lever ; for, supposing 
a rope was passed round the axle, and another one round the 
wheel, you would be enabled to exert a force similar and 
applied in a like manner to that we described at page 319, in 
which case the centre of the axle would be the fulcrum. 

The capstan of a ship acts on the lever principle, and th0 
longer the handles by which it is worked the greater is the 
power Which results from its use. 

In making our roads, the principle of the inclined plane is 
largely made use of. It has the effect of reducing, or perhaps 
of making equal, the power required to raise a weight to a: 
higher from a lower level. The inclined plane has numerous 
applications. In our railways it is termed a gradient, from the 
Latin word " gradus," a step ; and, indeed, an inclined plane 
is simply a gradual step, instead of a sudden rise, between 
bodies of two different heights. Contrivances of this kind ar€| 
much used in the warehouses of London ; and thus trucks a^d, 
ban-ows may be gradually raised, in a manner which would, be 
impossible if the ordinary stair was employed. 

The common wedge acts on a principle similar to that of the 
inclined plane, and is largely employed for various purposes. 
In stone quairies it is employed for the purpose of splitting 
masses of stone. A block of stone is chipped all round, so as 
to leave a kind of crevice, in which iron wedges can be intro- 
duced. The miners then drive the wedges further in, by 
striking their wide ends powerfully with heavy hammers. We 
have often seen four of such wedges separate and raise a mass 
of stone weighing not less than three or four tons. Ships, when 
in course of launching, or requiring repairs, are often raised 
sufficiently by means of a judicious application q{ ^^\g»^ 
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Tliere «r« ttiaiiy toob employed by our artiseiiB wldoh at ibm 
iighi iveoM «eem to have no relation to the wedge, Imt wbieh 
depend on the same principle. Of these we may mention the 
mWj the plane, knives, brad-awls, awls, razors, needles, iiails, &c. 

Thle screw is another form of the inclined plane, as you will 
•t cmce tee by cutting a long triangle from a piece of {Mip^ a^d 
winding it round a pencil You will observe tliat a screw is 
fbrmed ; and if you employ stiff paper, and after winding it 
toand a po&eily hold your finger and thumb on the paper sctew, 
ttttfiing the pencil at the same time, the pencil will woi^ itii 
way through, just as an ordinary screw would if held in a 
jritnilftr manner. 

One ef the most interesting applications of the screnT is that 
Unr propdJiBg steam-vessels. It has numerous advantages, 
especially for ships of war. We have met with many p^recms 
who do not seeiSn able to understand how the screw acts on 
water in propelling vessels ; but it is a very simple affiur. 
Supposing, lor instance, that a person is taking a screw oat of 
a pieee of wood^ by unscrewing it with a screw-drivar ; the wood 
is in a fixed position, and as the thread of the screw i^etreirtli 
iaem ihe wood, so the screw-driver and the hand holding it are 
dlivan away, by the power exerted by the muscles of the uniL 
In the same way, substituting the sea for the wood, and the 
vessel and steam-engine for the screw-driver and the powchf of 
the tnuscks ifi the arm, the propulsion of the Vessel is effweted 
giii^atfiy. 

The iK^eW fa kurgely empkryM in daily life, and for a gtMt 
vaa^ieiy ^f pHfpOses. Among these %e may mention the screw- 
pit«% jm&ting-press, and coimng-press, the common i^crei^, ihii 
ittKW jack^ used for raising heavy weights, the gimlet, ttie oork- 
mteWj and oth^ similar eoutriviuices^ by whidh much laboul- is 
(M¥ed and f€xix)e is readily applied. 

"AMmg spoken of some oH the simplest of inechanical powetd, 
we shall make a few remarks on what is called the centre ef 
gfAvily id bodies ; and, although the subject seems nather 
difficuk at fiitlft sight, we iMnk that we caA menticm aotat 
interesting, and even am^ing experiments, which w^ iUtw- 
tiWie whttt we meian. 

The iimpkst defitdtion we can give ifi to say Uiat that point 
Sa a body at which all its forces are exactly baknced is rhk 
te6tre ef gravity. An instance of this may be found ill the 
li^B game of see-fiaw. If at each end of a platik a boy of the 
(Uttn^ Ireight icr placed, then, supposing the plank to be of the 
muM thidktLeiei and breadth thrmighout its length, the centre of 
gravity «f the plttnk will \>e l^sii-^tb^ between its tliTo ends; and 
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if suispeiided at that point, its two fetids will completely balance 
each other. If, howeyer, a heavy boy sits at one end and a 
light one at the other, the centre of gravity will be nearer the 
end where the heavy boy sits, iand therefore, of course, removed 
firom the centre, and nearer to one end than to the other.' 

This law of the centre of gravity is constantly acted on and 
attended to in daily life. In loading a cart or vessel, the 
heaviest part of the load is always placed in the lower part, so 
as to make the centre of gi-avity as low as possible. To the 
neglect of this, many serious accidents have occurred ; ships, 
for instande^ with a heavy load on deck, will almost certainly 
be lo^ in a storm, because the deck load raises her centre of 
gravity too high. As we have already mentioned, the use of 
ballast is to steady the vessel by keeping her centre 6f gravity 
as low as possible. Accidents ofben occur on our rivers through 
persons in a boat suddenly rising when they are alarmed. By 
so doing, they raise the centre of gravity firom the centre of the 
boat, and thus almost surely cause their own destruction. 

Acrobats preserve their centre of gravity, so as to prevent 
their falling, by means of a long stick. By balancing this in 
theii' hands, they can bhift the centre of gravity continually. 
Great attention is paid to this principle in constructing locomo^ 
tive engines; for if their centre of gravity is very higl^ there is 
always a great risk they may run off the rail The following 
^xperimelits will iQustrate our meaning. 

Experiment 14* — To balance an Egg on its ^Tdf.-^lliis you 
eannot do so long as the yolk of the egg remains in its centre ; 
but by shaking the egg violently the yolk will Ve separated, 
and by falfing to one end will ehable you to balance the eg^ 

ExPERiME^: 15. — ^J'it an upright wire a foot long into a 
bung about four inches in diameter, and float this in a pail of 
water. Now slip on the wire a small leaden ball, which can be 
raised and lowered. As long as the ball rests on the surface of 
the cork, the latter will float in a level manner on the surface 
of the water; but if the ball is raised up the wire, the centre of 
gravity of the arrangement is raised at the same time, and 
eventually the whole will fall over to one side. This experi- 
ment illustrates the remai'ks we made respecting the danger of 
rising in a boat, when on the water. 

In our experiments in Natural Magic, we shall introduce 
some amusing illustrations of the principles we have here laid 
down, and shall farther mention instances wherein the regula> 
tion of the centre of gravity is an occurrence of daily life. 

In walking you continually change the \K^t\OTL di \5afc <5«o5«fc. 
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of gravity by removing the hose or feet on which the body 
stands. Although this is so easily and imperceptibly done, we 
depend on the action of a part of the brain for its continuous 
exercise. Thus a dead body cannot stand upright; and for 
similar reasons, a drunken person cannot maintain an upright 
position. In carrying a load under the arm, the body is 
inclined towards the other side. In ascending a stair, the body 
is bent forwards; in descending, we incline backwards. In 
turning a comer rapidly, or as we observe the riders on 
horseback in a circus, the body is bent. In each of these cases 
the alteration of position is taken so as to maintain the centre 
of gravity, and to prevent the person falling to the gioimd. 

"We might add considerably to the renuirks we have made 
in reference to mechanics and allied subjects. We, however, 
shall refrain from further dealing with the subject, because, 
although it is one of the deepest interest to the philosopher and 
paetkai mechanician, we can scarcely hope to make it of 
general interest to our young readers. You will observe that 
we have confined our illustrations to matters which you must 
necessarily often meet with, and so fiir as we have gone, we have 
not forgotten the simplicity of the plan with which we at first 
set out. 

Our young friends will feel interested in the engraving at the 
head of this section. It represents the engine used by Henry 
Bell, in January, 1812, for the purpose of propelling a vessel 
called the "Comet," on the Clyde, and which was the first 
application of steam to navigation that had been made in 
Europe. The engine, now in the possession of Mr. Pollock, 
of Cathcart, near Glasgow, was deposited in the Polytechnic of 
that city, and fortunately escaped injury during the fire which 
destroyed the premises of the institution in 1857. 
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^ATURAL Magic Ls 
a term given to 
amusing iiiMtaiices 
of applicationa of acieu- 
tiiic lawfl^and is alway* 
attractive subject to 
young peoplcL In oti,r 
former secbious we have endeavoured, in as plain a maiuier 
as posnible, to bring before you some of the most interest- 
ing &cts connected with experimental science ; and although 
we have omitted many subjects to which we might have referred, 
we hope to have succeeded in proving to you. that the study of 
science may be made both amusing and instructiva 

We now propose to lay aside all reference to laws, rules, &c., 
and to devote ourselves entirely to your amusement. We shaU 
introduce a variety of curious applications of the different 
subjects which we have spoken of in the previous pages, 
but shall leave your own ingenuiiy to detect the relations 
between what we have dealt with and what we shall now 
introduce. 

By the word "magic" we generally understand something 
which is strange and unexpected — something, in fact^ whidi 
strikes our imagination rather than our reason ; and ^et^ tf^^ 
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ally wlkat is more magical or wonderful than those changes 
whkh science brings before ns 1 In our Chemical section you 
will have observed, that by simple means some extraordinary 
effects may be produced, and which we could never have antici- 
pated. Who, for instance, would expect that the chemist could 
produce fire from water, a liquid which we generally employ to 
extinguish flame ) Yet this is only one out of thousands of 
ftimi1a.r results obtained by the application of scientific laws. 

In the following pages we shall introduce many amusing 
scientific experiments, which we have not yet adduced, and 
shall also put you in possession of several amusing tricks played 
by conjurors on theii* audiences ; so that when you next attend 
the performance of a " Wizard," you may be able to explain 
many of the deceptions of the senses which they practise. 

We may here tell you that a great part of the success which 
attends a public performance arises frx>m the fact that every 
person present expects, and therefore makes up his mind, to be 
astonished. While you have youi- attention fixed oh 86me 
object to which the performer refers, he is engaged in some 
other matter which he is about to bring before you. In fact, 
he endeavours to mistify your reason, while he deceives your 
senses. Presence of mind, I'eady wit, and abundant resources, 
are essential elements of success to conjurors, and some possess 
these requisites to so great an extent as to deceive the most 
waiy. We fancy ourselves to be tolerably sharp, but even in 
scientific tricks we have been so well deceived by one or two 
perfoimers as to have had our conceit completely taken out of us, 
and we have been compelled to confess ourselves as completely 
"taken in." . 

Some years ago we witnessed the performance of some 
genuine "Celestials." You are perhaps aware that th* 
Chinese excel all other conjurors in the skill and neatness o. 
their tricks. We shall inti*oduce several of these, which they 
were kind enough to explain to us ; and so give you an oppor- 
tunity of repeating them for the amusement of yourself and 
friends. We shall follow no arrangement of any sort, leaving 
you to select such of the experiments as may best please your 
fimcy. 

1. To put a Pound^8-worth of Silver into a Wine-glassful 
of Water. — Fill nearly to the edge a wine-glass with water. 
Owing to the attraction which the liquid has for the glass, you 
may put in nearly twenty shillings'-worth of silver, providing 
you aidd each coin gently^ and that without causing any of the 
Wfiter, to run over. 
2, To break a Stick re«tiifig ou To/qo Wine-glasses. — ^Place a 
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lath SO that each of its ends shall rest on the top of a wine- 
glass. Now strike its centre sharply with a poker. The stick 
will at once be broken, and yet the glasses will be uninjured. 

3. Emptying a Glass of Water without touching it — Make 
a small syphon (see page 306), and having filled both legs with 
water, introduce the short one into the glass of water ; the 
whole of the liquid will soon flow out 

4. To make a Prawn empty a Wine-glass, — Dip a prawn, 
or large shrimp, into a glass of water, and let its head rest 
outside of the vessel, placing the middle of its body on the rim 
of the glass. In a short time the water will be withdrawn. 

6. Another Way of emptying a Vessel of Water. — Wet a strip 
of calico, or cotton-wick, and place either in the water, so as to 
have a long strip hanging outside. The cab'co will soon empty 
the glass by its capillary attraction. 

6. To light a Candle without Fire, — Put a small piece of 
phosphorus inside the wick, and rub your penknife against a 
board until it is hot Then touch the phosphorus with it, 
which will at once catch fire, and so light the candle. The 
usual way of doing this is to have a piece of glass-rod, one of 
whose ends has been heated. We, however, have always suc- 
ceeded by the plan above named, and it has the advantage of 
requiring no assistant. We have seen a " Professor ** take the 
wrong end of his magic glass wand, and, burning his fingers, 
he spoiled his experiment at the same time. 

7. Another Way of lighting a Candle, — Put a little chlorate 
of potass and sugar (see jmge 28) into the wick, and have close 
to you a glass containing strong sulphuric acid. Dip a glass 
rod in this, and touch the chlorate of potass with it In trying 
this, take care that the acid does not spurt into the eye. 

8. To light a Fire with a cold Liquid. — Pour on the paper 
of a ready-laid fire a little sulphide of carbon, in which some 
phosphorus has been dissolved. In. a minute or two the paper 
will ignite, and the fire will rapidly bum up (see page 39). 
This is a very effective trick, especially if played on persons 
entirely ignorant of chemistry, as the following anecdote will 
prove. Whilst preparing our apparatus for a lecture in the 
vestry of a church in the west of Scotland, a Highland woman 
was engaged in laying a fire. When she had finished, she found 
that she had no matches. We at once proposed to set fire to the 
wood with some " cold water," and veiy much vexed the good 
woman when we proposed such a "daft thing." Takings 
however, our sulphide of carbon, <fec. bottle, and pronouncing 
some Greek words, we poured its contents on the wood« T<i 
the unutterable surpiise of the wouvaix, t\xe^ &c^ n^^s^ Vs^s^^jsss^ 
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kindled. She ran out of the room ii^to the minister-s. house, 
declaring that the ^' deil had got into the kirk," and vowed 
that she would never enter it again. We learned that she kept 
her word for nearly two y^rs, and to this da^ liyea under the 
impression that we hold dealings with the Powers of DarknessL 

9. To blow Fire from the Mouth. — Have on the tahle before 
you some fine paper shavings, and also a small piece of Gepuaii 
tinder, wrapped in a piece of paper, and ignited. Put a few 
shavings into the mouth, and place the t|i^der dexterously in 
their centre. After a few moments blow gently through the 
tinder, and smoke will appear to proceed from your mouth. If 
you gradually increase the amount of air sent through the tinder, 
it will at last burst into flame, and set fire to the shavings, 
especia.lly if you use a common fusee, and lifht first the «id 
which has no phosphorus. This is a very telUng trick, if you 
proceed carefully in exhibiting it. 

10. Fire producfid from the Floor of a Room, — Pi:esuming 
that you are amusing yourself in a room without a carpet, you 
can try the following i—Take equal parts of powdered chloi:ate 
of potass and sulphur, and mix them together, by means of a 
knife. Do not attempt to do this in a mortar, le^t they may 
explode, and injure you. Throw a little of thiat powder on 
the floor of the room. Any person rubbing the fe^t on the 
ground where any of this powder may be, will cause it to 
explode with a loud report. An eminent public speaker and 
author kindly offered to give a reading from some of our 
novelists, and followed us at the lecture-table of an institute 
some years ago. Our assistant had carelessly dropped a little of 
the above-named powder on the floor, with some small pieces 
of phosphorus. Our fiiend, in the course of his reading, was 
illustrating the ease of a traveller too late for the coach, and 
did so by placing his hands, on the table, rubbing his feet rapidly 
on the ground. The phosphorus, <&c., soon caught fire, and each 
time he raised a foot small pieces flew off his boot, producing 
showers of sparks. The speaker was entirely ignorant of the 
"brilliant effects" he was producing behind him, n^hilst the 
audience in front cheered him most vociferously, fancying that 
it was part of the performance. We alone were in the secret, 
and must confess that we never expect to enjoy ivgain so hearty 
a laugh as we did that evening. 

11. To make Crackers. — Put about as much of thQ powder 
named in the last experiment as will cover the end of a knife, 
into a piece of paper, and fold it up. Strike it then smartly, 
by means of a hammer, and it will at once explode with ». loud 

report. 
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12. To product a ^^ Fog^ — Mix together some powdered 
coal fttid chlorate <tf potass, and put the powder into a paper 
cartridge, made by rolling stiff brown paper round the end of a 
ruler, fastening bne end by means of a little clay, and nearly 
closing the other by some string. Set lire to the mixture, and 
hold it under the Surfetje of some water in a basin, oil the table. 
An imibense amiount bf vapour will be produced, which, rising 
through the water, -^Hll Ml over the sides of the basin, and 
produce a veiy pr^tt^ feffect. 

13. To Bet fire ik> Sugar, — Mix together some coarsely- 
powdered lump sugar and chlorate of potass, and place it in a 
plate. Ask your friends to taste it, and they will at once pro- 
nounce it as only sugar, because the salt dissolves but slowly in 
the mouth. Have ready a glass tube, with a drop of sulphuric 
acid at its end^ which you may call your magic wand. Touch 
the mixtui'e with this, and it will at once burst into flame. 

14 Port amd Sharry Wine out of ike same Bottle,— take 
off the end of a common wine bottle, by putting a red-hot ring 
to the bottom, and then dipping it in cold water. Or you 
may have it cut off by any glass-worker. Now divide the inside 
of the bottle into two parts, by means of A sheet of gutta-percha, 
which must extend from the neck to the bottom, so as to leave 
no eommunioatioh between the two sides. You should also 
close the ends of iiiese divisions before replacing the bottom of 
die bbttle, which can easily be fixed on by means of some 
shellac dissolved in spiiits of wine. The two holes at the neck 
of the bottle shocOd be made as small as possible. You must now 
have two holes |)ierced through the glass, one on each side of 
the gutta-percha division, say an inch apart, and near the upper 
portioii of the wide part of the bottle. Fill the divisions with 
port and sherry, and place a finger on each of the side holes. 
Ydu %111 find, on trying to pour out the wine, that none will 
ascape, until you raise one of your fingers. You can, by raising 
the finger ^^hich cavers the hole of that com- 
partment containing the y^iae a friend may 
chbos^ at once pour out a glass, without the 
other cbming 6ut at the same time. A glass- 
blower y^iR eacdly mii%:e yoli one of these bottles, 
With any number of divisions you please. Of 
course, each must have A hole, and a finger 
must b6 kept pressed on every one, except 
that firom ^hibh yoii wish to po\n*. XJs6 small 
liquor-glasses^ and yott may thus supply a large 
f&Ttfy and make them believe that the bottle is 
inexhaustible. Pig. 1 Will give you a good idea * ^' ^- 
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of the mode of making one of these bottles. The one repre- 
sented has four divisions and as many holes, which are indicated 
by the figures 1, 2, 3, 4. 

15. To draw any quantity of Faper-Shavinga Jrom the 
Mouth. — Cut a few sheets of fine tissue-paper, of two different 
colours, into strips, half of an inch wide, and paste them end to 
end, until you have made two very long ribbons. Roll each of 
these on a blanket pin, so as to form a cylinder, half an inch 
thick, taking care to leave out a small end of the paper from 
the inside of each. Place one of these on each side of the 
mouth, between the upper teeth and the cheek. You should 
pretend to draw them out of the throat, and dexterously catch 
hold of the little piece running out of the centre of each. Draw 
these from the mouth, and you may then continue to do so 
vintil you have covered a table with the shavings. This is a 
puzzling trick to the uninitiated, and, with a little care, may be 
made to afford great delight to young folks. We have over- 
heard very venerable pei*sons discussing the " science " of the 
trick, who little imagined its simplicity. 

16. To make a Candlestick from Paper. — ^This is done much 
after the same way as the last. Wrap round a piece of compo- 
site candle a few yards of stiff cartridge paper, an inch wide, first 
fastening the candle and paper next to it by a piece of string. 
When the roller is complete, tie the outside also, to prevent it 
unrolling. Place the roll on a table, and, taking hold of the 
wick of the candle, draw it upwards, until you have formed a 
tall pyramid. You can then light the candle, and,- if the paper 
is stiff enough, you may easily carry this paper candlestick 
ivbout the room. 

17. Many amusing tricks may be made by thus economizing 
space. For instance, have a number of tin cans made which fit 
in each other, the outer one being a little smaller than a man's 
hat. Place these on a chair or stool underneath the table fix)m 
which you are exhibiting your tricks. Having borrowed a 
friend's hat, show the company that it is quite pmpty, but 
take care to drop it, " accidentally,** behind the table, and while 
picking it up put the cans into it. Having placed it on the 
table, commence removing the tin cans, of course taking the 
smallest one out first. You may astonish your yoimg fnends 
by covering a large table with saucepans obtained from the hat. 

18. Instead of the cans, tie some feathers into a small parcel. 
These occupy very little space when compressed, but expand 
veay much on being opened out. Flowers, toys, and sweet- 
meats, with tt variety of other matters, may be thus concealed, 

and ^ftenrards spread among tb^ company. 
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19. Floating Soap-bubbles. — ^Fill a glass basin, or a fish-bowl, 
with carbonic acid gas, by using the apparatus described in 
Experiment 42, page 24. Blow a soap-bubble, and let it fall on 
to the surface of the gas in the glass vessel It will present a 
very singular appearance, and will rest on the surface of the gas, 
swimming about with every breath of air. 

20. To make an Egg float on a Liquid, — Make a strong brine, 
by dissolving salt in cold water, and half fill a glass jar with itv 
Drop a piece of paper on the surface of the brine, and pour 
gently some cold water on to it, so as to fill the jar. The object 
of the paper is to prevent the water and brine mixing. Now 
drop an Qgg into the liquid. It will sink in the water and swim 
on the brine. 

21. The Magic Cash-box. — Place an electro-magnet, such as 
we described at page 160, on a stand, with its two poles stand- 
ing upwards. Over these throw a jpiece of red baize, so as 
to keep them out of sight, and bring the two wires from the 
magnet to any place where you can touch them without being 
noticed. Hold the wires from a galvanic battery in your hands, 
so as to be able at any moment to bring them in contact with 
those of the magnet. Having placed a common cash-box on the 
baize, and resting on the poles, ask any one present to lift it up, 
which of course they will easily do. Let them replace it, and 
again request them to remove it ; but this time connect your 
battery wires with those of the electro-magnet. It will 
now be impossible to raise the box, owing to the attractive 
power of the magnet. On disconnecting tibe latter with the 
battery, the attraction will cease, and the box will be set at 
liberty. 

22. A Child may hold a Man. — Cover the ends of a roller of 
wood with two brass tubes, and to each of these solder a wire, 
long enough to reach to your table. The wires should be kept from 
touching each other, either by gutta-percha or by being covered 
with silk or cotton. Being thus protected, they may be twisted 
together, so as to give them the appearance of a cord. Take 
care that the two brass cylinders do not touch each othei:^ 
Attach one of the wires to the coil-machine, and bring a ynxi 
from the other pole of this machine, close to that which is 
attached to the other cylinder of brass on the stick, so that you 
can connect them together instantly. Ask any of the company 
to take hold of the brass handles ; and so long as you do not 
complete the connexion with the machine they will feel no effect. 
Make the connexion, when the person holding the handles will 
receive a powerful shock, and will be unable to let go until you 
disconnect the wires. A child may hold the ^^^ «^^ \»TV£k% 
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them in contact without receiving the slightest shock, t'or 
& description of the coil-machine see page 152. 

23. SfnrU-^apping.-^—A. table iiiay be consttucted, which by 
iiieans of electro-magnetism will serve for the purpose of hot 
only illiistrating "spirit-rapping," but which, if cleverly managed, 
may afford a vast deal of amusement. To arrange one, attach 
trires to each of two legs of a table in a distant part of the room, 
^d bring them under the carpei^ so as to be out of sight, to the 
table at which you are standmg, — on which have a smd.ll gal- 
vanic battery ready. The wires are intended to convey the 
dectricity of the battery to a small electro-magnet (see page 150). 
The magnet must be fixed underneath the top of the distant 
table, so as just to leave room for a small keeper above it, which 
Vill become the " i-apper." This keeper is simply a piece of fiofk 
iron attached to a steel Spring, which is used for the purpose of 
maintaining the keeper close to, but not touching, the table. 
The poles of the electro-magnet are to be placed facing this 
keeper; and the Wires from your table attached to each of 
its wires. On sending a current of electricity from your battery, 
the keeper will be drawn to the magnet ; and on stopping th6 
current the keeper will fly back, and strike the table, making 
one rap. As often as you make and break the contact, at the 
SazDe moment the keeper will rap, eVen if your table is many 
feet from it. Your friehds not acquainted with science tHll 
look under the table, expecting tb find some onfe cibncealed, but, 
6f course, "^th no success ; and if you cleverly hide the wiires, 
they will be completely at a loss to discover the means you 

. femploy. 

This plan is the one adopted by the conjurors in their spirit- 
tdpping illustrations ; and that you may more distinctly undfer- 
i^nd 6ur description, we add a section of the arrahgem^ht, 
deferring you to our Section oH Electro-Magnetism for a ftdl 
iwjcount of how to construct the electro-magnet. The whote 
^rraligement will not cost above four or Gyq shillings. (See fig. i,) 
To employ this, some of the compahy must suggest a question, 
^nd yoilr signal for an affirmative ansv^er should be t#o raps ; 
for k ne^tive, three ; and for ** not understand," give one rap. 
A very ingenious arrangement v^as adopted by Mr. Anderson, 
the Wizard of the North. Hi^ table ran on brass rails, and iip 
^ch leg wais a wire attached to the.maghet Of course the rkiM 
fterved as cofiductors, and he could push the table aWay froiii 
him to any distance, and so make th^ deception mor6 ooknid^ite. 

24. Magic ffdt-^bdxes, — By means of Hhree hat-box6j And 
/k>iAe carbonic acid, you may pti^le both old and youfi^ IbBfe. 

.Mitiig A fiat^box at ^acli end bt a; ^cidXi^A^^tii^ ^d hdhlice ^kiik 
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cj^ji'efully. Have by you another hat-box filled Tiritli carbonic 
acid, and pour its contents into one of the hat-boxes suspended 
fronpL ^he beam. This will immediately fall, owing to the weight 

Fig. 2. 




A is a nut by which the sjHing of the keeper, or rapper, 
is fastened to the table. 
^ is the keeper, 
c, the electro-magnet. 
D D, the wires reaching to the battery. 
E, the table top. 

of the gas introduced. Your friends will not see anything pass, 
andj of course, if ignorant of chemistry, will be much astonished 
at t|ie result. 

25. Another Mode of trying the above. — Fix one of the boxes 
"Vfith its open end downwards, and having filled another box 
with hydrogen, of course with its mouth also downwards, 
insert this under the box on the beam, and let the hydrogen 
enter. The box will at once make the beam rise, owing to the 
|aa passing into it being so light If you now turn this, so that 
its mouth shall be upwards for a few moments, the hydrogen 
•nil escape and the boxes will be again balanced. (See page 
i2. Experiment 38.) 

26. Instead of the latter plan, hold an india-rubber tube, 
reaching from a gas jet, under the invei-ted box. As the gas 

inters the box will rise. 

27. To put out a Row of Candles vnthout touching them. — 
PlOfCe two or more lighted candles in front of you on the table, 
and carefully pour some carbonic acid gas on each. They will 
at once be extinguished, and apparently by nothing, for, of 
course, the gas is invisible. (See Experiment 44, page 25.) 

28. To relight an almost extinguished Fire. — Powder some 
nitre, and if a few red sparks are left amongst the cinders, 
throw some of the nitre upon them ; they will instantly \^ 
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kindle, a rapid combustion will take place, and in a few minutes 
you will have an excellent fire produced. 

39. To hang a Ring hy a burnt Thread, — Soak some sewing 
cotton in a strong solution of alum or common salt, and when 
dry attach a light ring to it You may then set fire to the 
thread, but the ring will still hang, owing to the salt forming a 
thread in place of the cotton one, by being fused together by 
the heat. 

30. To make Plaster Busts luminous in the Dark. — Leave 
the bust for some time before a fire, until it is quite warm, and 
then rub it over with a solution of phosphorus in olive oiL 
This is made by putting some of that substance into a bottle 
containing a little hot oil. The bust, if taken into a dark room, 
will present a beautiful appearance, and will be a source of great 
amusement to young folks. 

31. To silver a Penny Piece.— Put a three-penny piece into 
a little mercury, in which it will soon disappear. Spread a 
little of the amalgam over the penny, and when well covered, 
place the penny on the bars of the grate in which a fire is burn- 
ing. The quicksilver will fly off, leaving the real silver on the 
surface of the penny. Any copper object may thus be plated. 

32. To hang Two Forks on the Point of a Needle. — Fix two 
forks on opposite sides of a wine-cork, so that they shall hang 
downwards in a slanting position. In the bottom of the cork 
fix a needle with its point outwards. Fix a needle with the 
eye upwards in the cork of a wine-bottle. By dexterously 
placing the point of the needle fix)m the cork holding the forl^ 
on the head of that in the wine-bottle, you may balance the 
forks, and make them turn round rapidly. Our engraving will 
explain this iully to you. (See fig. 3.) 

This will require a little patience on your 
part ; but if two or three persons are trying 
this at the same time, it generally pro- 
duces plenty of fim by the numerous 
t| ^ failures each make. 

M 33. Writing hy Ma^ic. — Soak a few 

i\ pieces of paper in a solution of prussiate ot 

^1% potass, and dry them. They will appear 

MM white by candle-light. To know them 

Hi ill ^ again put a pencil-maik on each. Now 
I 11 .^ ^^ them with sheets of common writing- 
m^jl^l paper. Your ink should be made by dis- 
Fig. 3. solving two or three crystals of green 

copperas in water, and will appear like 
common water, tben add to it tlox^e ot iovuc dro^a of nitric acid. 
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On banding the paper to a friend, take care that he selects a 
sheet of common paper, and ask him to write with a quill pen, 
using the solution just named^ and he will produce no effect. 
Now use, yourseli^ the same ink, but employ one of the prepared 
sheets. Your writing will appear of a beautiful blue colour. 

34. Magic Plates. — ^Wet three plates with a solution of cop- 
peras, and let them dry. Now make, in three diffei^nt bottles, 
a solution of nitrate of baiyta., prussiate of potass, and sulpho- 
cyanide of potassium (see page- 54, Experiment 147), and take 
care that they are all clear and colourless. They will then seem 
like water, but if you pour a little of the contents of each on to 
each plate, the first will seem to produce milk, the second blue 
ink, and the third blood 1 

35. The ^^ British Wine " Ma>nufacture, — ^Fill a basin or glass 
tumbler with cold water, and add a few drops of the sulpho- 
cyanide solution. It will still appear like cold water. IfJ how- 
ever, you have previously wetted two of your fingei-s with a 
solution of green copperas, you may ask each member of the 
company to change the water into port or sheiTy, when, of 
course, they will not succeed ; but on your stirring the water 
with your " copperas-ed " finger, it will instantly change to a 

^ splendid red colour, and maybe either "port or sherry" accord- 
ing to the length of time you stir it up. 

36. Magic Boxes, — By means of a simple contrivance, you 
may produce a vast amount of amusement in a large party. 
For this purpose have a square box made, open at its two endis, 
and into each end have a drawer, which must slide into each 
other, but the inner one must be a little shorter than the one 
fitting next the case. They will appear as in fig. 4, where a, b, 
represent the two drawers ; c the space between their ends ; 




Fig. 4. 

and D, the outside case containing the two. Place in the drawer, 
B, anything you please, say a guinea pig, a rabbit, or pigeon, and 
place the case on the table. Now ask axiy oC ^\i<b ocsu^^gss^ Nii^ 
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favour jou with their handkerchiefs, which place in the hole, c, 
having first shown them that A is empty, by drawing it out half 
way. Close the box, and take the first opportunity of turning 
it round miperceived, so that box b may stand on the table in 
the same position that A had done previously. K you now draw 
out B, of course the animal may be removed, and you can at 
oace prov^the pow«r of the magician, by showing the transmu- 
taction of silk into an animal. To make this trick more com- 
plete, you should have previously borrowed a hat, and placed it 
on the table. As you remove the box knock down the hat by 
•* accident," and quickly remove the handkerchief from the box 
;into it as you pick it up. You can then show that by " some 
means," the handkerchief had travelled, but, of course, need 
not explain how it was done. The conjurors generally send the 
handkerchie& behind the scenes, where a person irons and scents 
them, and they are returned to the audience out of a plum 
pudding, or something else, in the course of the evening. 

37. Nearly all the transmutations of the "Wizajcd" ace 
earned on by similar means. They have tin cases, of various 
shapes, fitting inside each other, by and in which they conceal 
the various articles they borrow. A vast deal is done by 
" confederacy ; " that is, they have several persons in the audience 
who, although apparently strangers, have duplicates of the 
articles destroyed. They must, however, be vejgy careful not to 
take anything from the wrong person; that is, a stranger, as we 
shall show you in the next trick. 

38. The Magical Cash-box, or Money made to FlyL^SAve 
fitted into a common cash-box, two false divisions, a quarter of 
an inch from each end, one of which may be a fixture, and 
the other movable on an hinge, to which a spring is attached, 
ending in a nut outside. 

To make the construction of this more evident, we annex an 
engraving, with a description, from which any intelligent tin- 
smith will be able to carry out the plan. 




^ft.5. 
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In fig. 5, A represents the movable lid, b its hinge, and c 
the nut, which, by means of a spring, will let a fell down, 
when needful ; p is the other division, which is only added to 
make the box look uniform. Of course, the ordinary small box 
usual in cash boxes must not be placed inside. 

Before using the above, place four half-crowns in the felse 
division. A, and take care that the lid shuts so tight as to prevent 
them rattling against the side of the box. Now place the box 
open on the table, to show that there is nothing inside ; you 
shoidd also shake it, for the same purpose. You now lock the 
box, give the key to any. one present, and hang the box at some 
distance from you. Borrow four half-crowns from the company, 
and place them in a tea-cup on the table; shake them re- 
peatedly to show that they are in it, and then dexterously 
remove them into your pocket After making any number of 
remarks on the power of the wizard, until the company are 
pleased or tired, announce that the effect you desire is pro- 
duced, and strike the nut, c, of the cash-box. The lid, a, 
will instantly fi^ll, the half-crowns will drop into the box, and 
you may then rattle them, ask for the key, unlock the box, 
and hand what the company consider to be their own money 
back again. 

This is an excellent trick, if well managed ; but we must tell 
you of a better one, which we played on a person who thought 
himself too clever to be ever matched. 

Having watched him place four genuine half-crowns in the 
cash-box before the exhibition, we placed four persons amongst 
the audience whom we had supplied with tin medals. On our 
wizard asking for four half-crowns, these men instantly pressed 
forward, and one very " kindly " acted as collector, handing him 
the money. (1) After the process we have described had been 
gone through, the men received back, not their medals, but, of 
course, the genuine half-crowns, which had been placed in the 
box long preyiously. After the exhibition had concluded, we 
visited our fiiend behind the scei^es, and most heartily enjoyed 
the joke of seeing him draw from his pocket four pieces of 
pewter, instead of the genuine coin of the realm. We let him 
wax warm for some time, and after he had confessed himself as 
completely done for once in his life, his money was returned to 
him, on condition of his paying a fee for being well conjured. 
Mind that you are never served in the same way. 

39. The Magic Tea or Coffee-pot — Get the tinsmith to make 
you . a tea-pot in two divisions, so that one side shall be com- 
pletely separate from the other, but each having a small pipe 
runniiig into the spout. At the back of eafi.1^ n^^dx \}[i^\^^<^ 
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have two small holes bored, and the lid should fit on yery 
tight Fig, 6 will represent one, where a a are the two 
divisions, b b the separate spouts, hid in the main one, and 




Fig. 6. 

c c two small holes at the back and near the top of the pot 
Fill one part with milk and the other with tea or coffee, 
and fit the lid on tightly. Now place a finger on each 
hole, and try to pour out the liquids. You will not succeed, 
because no air can get in to take the place of the liquid; 
but> by removing either finger, the liquid of that division will 
at once run out, and thus you can supply tea and milk out of 
the same pot 

If you put tea on one side and cofiee on the other, you can 
pour out either, after ascertaining your Mend*s choice. Another 
division and another hole will enable you to pour out milk, tea, 
and coffee from the same vessel. We need scarcely remind 
you that the arrangement is very similar to the bottle we 
described in No. 14. 

40. ''MUk'' made from Water.—lPin a tumbler with a 
solution of nitrate of barytes (poison), and put one drop ci 
sulphuric acid at the end of a teaspoon. On stirring up the 
liquid with the spoon it will appear just like milk. 

41. Mudc by Magic, — Have the arrangement described at 
page 248, ^g. 4, laid on one side, so that the stick shall be in a 
horizontal, instead of a vertical position ; and to keep the musical 
box in close contact with the stick, fix the two together, by 
means of a wire. On placing this on the table before you, 
none of the company will hear any sound ; but if you place at 
the further end of the stick a small thin wooden box, the sound 
will at once become evident The company will naturally 
suppose that the sound proceeds from the little box placed on 
the stick, and will be puzzled on finding the box empty. 

42. Hearing by the Teeth, — Invite them to close their ears 
hjr their fingers, and to bite the stick with their teeth ; the 

aouikd will at oace b« hiQKcd, ox x«i^%t ife\t. 
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43. To turn a Glassful of Water over the Head vnthout 
spilling the Liqmd. — ^Enclose a tumbler in a strong net, at- 
tached to which should be four strings, say two feet long. Fill 
the tumbler with water, and swing it to and fro by the string, 
each time extending the distance, until it acquires sufficient 
velocily to allow you to raise it to a nearly horizontal position. 
You may now carry it beyond this, and swing it round in a 
circle for ^any length of time, without spilling its contents. 
Bring it to rest in a gradual manner. 

44. To tu/m a Glass of Water upside down without spilling 
it, — Fill a wine-glass with water, and place on the top a large 
card. Hold the card on the edges of the glass with the left 
hand, and turn the glass upside down with the right hand. 

45. Invisible Writing, — On a square of window-glass write 
any sentence, by rubbing strongly with a piece of pointed glass 
rod, just in the same way as you would write on paper. Of 
coui'se, the writing will be invisible. Now, mix a little tar- 
taric acid and caHbonate of potash in a glass of water, and 
pour the solution immediately on the gjiass plate. In a few 
minutes all your writing will become visible by small crystals 
of cream of tartar being formed at the edges of the marks you 
had previously made on the plate. 

46. Another Way of producing the same Effect, — ^Write on a 
piece of paper with a quill pen, which has been greased with a 
little lard. K careftiUy done, the writing wiQ be invisible. 
I^ however, you now dust some powder, or dust of any sort, 
over it — using, for instance, the pepper box, — your writing will 
at once appear^^ owing to the dust settling on ihose parts where 
the grease ia It has been suggested that similar means were 
^nployed by the priests at the Greek and Boman temples. 
Supposing, for instance, that a sentence had been written 
on the entrails of one of the slaughtered animals, by 
means of a little fat ; it would be invisible until the skin 
was dipped in dust, when, of course,, the writing would at once 
appear. 

47. To make a Watch-glass revolve rapidly on a Waiter, — 
Hold a waiter pr tea-tray in a slanting position, and at the 
upper end place a watch-glass. Of course, the glass will slide 
rapidly to the bottom. But, now put a drop of water at 
the upper part of ihe tray and place the watch-glass in it. 
Instead of Ediding down as before, in a straight line, it will spin 
round on its axis with great rapidity during its descent. 

48. Optical Puzsdc—On a round card, say twelve inches in 
diameter, have painted on one side the picture of a mouse, and 
on the other that of a cage. Tbro\ig!^ \3tt^ ^^«a ^i ^^ <iw^ 
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pass a string, which is used for the purpose of making the card 
spin round rapidly by holding the two ends of the string be- 
tween the finger and thumb of each hand. On twisting this 
rapidly round, the mouse will seem to run in and out of his 
cage for reasons explained at page 189, Experiment 4. This 
instrument is called a '' Thaumatrope," and fig. 7 will illustiute 
its construction. 




Kg. 7. 



49. To make am, Egg stand on its End, — Either remove the 
contents, by making a small hole through one end, or, retaining 
these, shake up the egg for some time and pour in a little mer- 
cury, which, falling towards the lower part, will make the egg 
to rest on that end in an upright position. 

50. To make Figures toith round Ends stand in a>n upright 
Position, — Fix the figure of a man to a ball in which you 
have poured some melted lead. Or the whole figure may be 
made of plaster, with a lump of lead at the lower part In 
whatever direction you bend this figure, it will regain its 
upright position. These are generally made of the shape iQus- 




Fig. 8. 

tnfed in Gg, 8, where the shaded part shows the position oi 
the lead. 

51. To make a Ball play in the Air over a Jet of Walter. — 
TTse the fountaiii described \mdLei* ^i\i^ «^\ktTL Pneumatics, page 
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266, or any fine jet of water will do. On the water, at a short 
distance from the jet, place a wooden ball, about an inch in 
diameter. As long as the water plays with any force, the ball 
will rest in the air, suppoiijed by the water. A bent pipe 
attached to the tap of a cistern, and ending in an upright jet^ 
will answer the purpose very well instead of the fountain. 

52. Figures produced by Sound. — Procure a thin sheep's 
bladder, and having moistened it with water, stretch it evenly 
over the top of a glass tumbler (such as we mentioned at page 
242, imder the head of Sound). Allow this to become quite 
dry, and it will form a kind of drum-head over the glass. 
Strew some fine sand over it, and play a violin near it, or place 
it on the top of a piano at which a person is playing. The 
vibration will affect the sand, and beautiful figures of various 
forms wiU be produced amongst it. 

53. Coloured Wafers ; a ctirious Optical Effect, — Place three 
wafers, one each of red, yellow, and blue, on a piece of whit^ 
paper, and look steadily at them for some time. On removing the 
eye towards the white part of the paper the wafers will ap- 
pear to be present, but will have changed to each other's colour. 
Thus, the red will appear green, the yellow blue, and the blue 
of an orange tint. 

54. Another Optical Effect, — Paint a plaster bust of a bright- 
red colour, by means of vermilion or red lead, and fix the ^yes 
intently on it for some time. On removing them, and looking 
at any other object, or, even if you shut your eyes, the 
" spectre " of the bust will appear, and be of a green colour. 

65, To make am. Artificial Rainbow, — Cast the rays of light 
passing from a prism (see page 192, Experiment 7) on to some 
steam rising from boiling water, or on smoke produced from 
smouldering brown paper. The appearance is very beautiful, 
and presents the frdl effect of the rainbow. 

56. To make am, JEolian Harp, — Obtain a thin wooden case 
of an oblong shape, and having only two sides, and from either . 
end stretch lengthwise strings and wires, such as are employed 
by musicians, £Eistening them at either end by means of nails. 
If the wires are tightly stretched and the arrangement is placed 
in an open window, so that the air may pass through on entering 
the room, a bcautiftd soft humming sound is produced as the 
draught of air causes the strings to vibrate. 

57. Magic Glass Drops, — These can be purchased at most of 
the instiTiment-makers, or you may obtain them at a glass-house, 
by having some melted glass cast in small quantities of the size 
of a cherry into cold water. You may stiike one of these by a 
hammer without breaking it^ but on taking off thft ^ilbar^ ^ssA^cst: 
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rubbing one against some sand, the whole will £Edl into a fine 
powder. 

58. Tree8 growing in the Parlour. — Suspend a chesnut or 
acorn inside a clean pickle or preserve-bottle by means of cottcm 
threads, and then fill the bottle with river water, until the 
liquid just touches the seed. The bottle should then be placed 
in a warm situation, such as the mantel-piece of a room in which 
a fire is burning. You may thus, during winter time, have ihe 
pleasing result of an oak or chesnut growing. We have seen 
some of these produce several leaves in the course of a few weeks. 
You can afterwards remove it to a garden-pot. 

59. PlcmU growing on a Bottle. — ^Wrap a wine-bottle tightly 
with flannel and dip it into water. When well wetted press on 
the sur£eice of the flannel a quantity of mustard and cress seed, 
which will soon adhei*e. If you take care to keep the flannel 
continually moist, the seeds will soon take root, and in the 
course of a fortnight's time you may gather a crop of salad from 
the outside of the bottla 

60. Brown Pctper Alive ! — Dry a piece of brown paper care- 
fully before the &re, and hang it, by means of a silk thread, at a 
distance from any suirounding body. Now ask any of the com- 
pany to make the paper come to him on presenting his hand, 
and he will most probably not succeed. Strike it yourself thi'ee 
or four times with a dty silk handkerchief, and then bring your 
hand near to it. The paper will at once move towards yon, 
owing to your having excited electricity on its sur&ce by the 
friction of the handkerchief To make the experiment suc^ 
cessfiil you must take great cai*e to have the silk thread, paper, 
and handkerchief perfectly dry. 

61. To make a Live Fish jwnyp off a PlcUe, — Place a live 
flounder on a sheet of zinc in a plate, and touch his back with a 
piece of copper or silver whilst the latter is touching the zina 
The electricity produced will generally cause the fish to take a 
flying leap. 

62. To produce a Flash of Light by two Metcda, — ^Plaoe a 
half-crown as high up the cheek as possible, and placing a piece 
of zinc on the tongue, let the two metals touch. The moment 
you do so a bright flash of light will be perceived across the eye 
near which ..the metals are place<L If you use a piece of 
platina, the effect will be more evident. 

63. The Magic Watch, — You may have much fun in a large 
company by proposing to stop any watch without opening the 
case, and after stopping it to set it on again at your pleasure. 
To do this, wear gloves on both hands, so as not to excite suspi- 

ciozi, and place inside one glove a small horse-shoe magnet. On 
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taking 'a watch into the hand holding the magnet, the steel 
balance will cease working, owing to the attractive power of the 
magnet ; but on removing it to the other hand, the wheel will 
immediately recommence working. 

64. " Animal Mctgnetism.^* — By suspending any object in 
which a magnet has been enclosed, by means of a thread, and 
holding another magnet in your hand, as in our last experiment, 
you can draw to, or drive away, the article from your hand, 
according as you present the different poles of a magnet to each 
other. We have sometimes puzzled our friends by enclosing a 
magnet in a stuffed bird which was suspended by a thr^ul 
between two parlours. By first calling the bird in the usual 
manner, you add to the success of your devica 

65. Curious Experiment with Flcmie, — On a roller of wood, 
say twelve inches long, fix a piece of brass pipe six inches long, 
ao that one half of the length shall be brass and the other wood, 
^und each of these tie a sheet of writing paper, and hold each 
end successively in a candle or gas-fiame. The paper covering 
the wood will at once catch fire, but that surrounding the brass 
will remain uninjured, or at all events will be but slightly 
charred. 

66. To hod a Wine-glass of Walter in a Slheet^of Writing- 
paper. — ^Foroe a sheet of writing-paper into the hollow of the 
hand, so as to form a kind of basin two or three inches deep, 
and collecting the edges of the paper together, fold them over 
each other so as to form a rim. Into the paper vessel thus 
formed pour a glass of water, and hold it over a candle-tiame. 
The water may thus be boiled with ease, without burning the 

, paper. 

67. The Magic Ctwe, — Construct a representation of a cave by 
means of pasteboard, painting the outside so as to resemble a 
natural one, and take care to have the outside edge two inches 
high, and that the bottom is air-tight At any place out of 
sight inside put a small saucer or plate, to which add some 
chalk and a little vin^ar or muriatic acid. You may light a • 
number of tapers in any part inside, which, if placed above the 
level of the edge of the cave, will bum very well, but on dipping 
another taper into the lower part it will be at once extingiushed, 
by the carbonic acid gas given ofL * In Italy there is a natural 
cave into which dogs are thrown for the amusement of visitors. 
The instant they arrive inside the cave they fall down, appa^ 
rently dead, but on being removed into the open air th^ 
speedily recover. 

68. Mechanical Paradox, — To make a Ball ascend whilst 
it is falling /—Place two bagatelle sticks with their i^vo^sb. 
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together, and the thick ends slightly separated. If an ivoiy 
beJl is now placed at their thin ends, and gently touched, it will 
travel apparently upward until it arrives at the thick end of 
the cues. 

69. Flamne on WcUer. — Place a piece of camphor in a basin 
of water, and set fire to it. Ton will find that it burns with a 
white fliune, and that it will travel about in the water in a veiy 
curious manner. 

70. Singula/r Effect prockiced by a Light passi/ng through 
Water. — i^ a tall confectioner's glass, or a glass fish-bowl, 
with cold water, and place behind it a candle, so that the flame 
shall be at about half-way up the vesseL On looking through 
the liquid, the light will be only seen through it in straight 
lines. Now pour into the water a solution of twenty grains of 
quinine and a drachm of dilute sulphuric acid, stirring it up 
with the water at the same time. On again looking through 
the water sideways, you will find a peculiar and beautiful blue 
colour is afforded, and that the light seems difiused throughout 
the liquid. The effect will be greatly increased by trying this 
in a dark room, and by so shading the candle that its rays shall 
only pass through the glass. This may easily be done by 
putting a cylinder of zinc round the candle, and cutting a small 
slit opposite to the side of the glass through which only the 
light is to pas& 

71. SmgtdcMr Mechcmical Effect, — Hang a brass ling or light 
wooden hoop to two pieces of string, and twist these together as 
&r as possible. On letting them loose, the hoop or ring will 
spin round ; but instead of continuing in a perpendicular posi- 
tion, it will gradually rise to a horizontal one, so that the side 
opposite to that where the string is attached will eventually 
become level therewith. This is a simple illustration of the 
principles on which " gyroscopes" are constructed. 

72. The Sotmd of a Church Bell obtained from a Poker. — 
Hang a poker by a piece of string, and hold this between the 

• teeth. Let a Mend strike the poker whilst you keep your ears 
closed by your fingers. A deep musical sound will be produced 
resembling that of a church belL 

73. An Electric Shock produced from a Gong. — ^Hold a 
large gong, by means of a stout string passed twice or thrice 
over the left hand, and strike the gong smartly by a drum- 
stick. You will occasionally receive a very similar effect on the 
wrist of the hand holding the gong to that produced by a shock 
fix)m an electric coil-machine. We have never heard the effect 
mentioned before, and only accidentally discovered it some 

jreara ago, whilst striking a ^ety large gong. It requires, 
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however, that you should hold the instrument in a peculiar 
way, which you must arrive at after several trials, although you 
inay hy chance hit upon it on the first attempt. 

74. Moiree Mkallique. — ^Poui* on a sheet of tin-plate a little 
dilute muriatic acid, and you will soon observe a number of 
crystalline forms produced on the surface. When these are 
fully developed, wash the plate in abundance of cold water, so 
as to remove any trace of acid. The plate may then be var- 
nished over with some copal varnish. By using coloured 
Tarnish the effect is greatly increased, and the plate assumes a 
very pretty appearance. 

75. NohUi^a Rings. — ^These are most beautiful rings, formed 
on a piece of steel by means of a small galvanic battery. To 
produce them, place a piece of polished steel in a plate containing 
a solution of sugar of lead, and attach the steel plate to the wire 
coming firom the platina end of three cells of Grove's battery. 
Hold the wire fix>m the zinc end in the solution, within an 
eighth of an inch over the centre of the steel plate. Beautiful 
rings of the oxide of lead will be at once produced, and in a 
few seconds the steel should be removed and carefully washed 
in distilled water. This is one of the prettiest effects produced 
by a galvanic battery, and the colours obtained are similar to 
those observed on mother-of-pearl. Take care to make no mis- 
take with reference to the wires, in placing them in the solu- 
tion, as the process is the reverse of electrotyping. 

76. To make Money fly, — Most of our young friends can 
succeed in this feat by the time the holidays are fiiiished, but 
few, perhaps, are able to make money fly and afberwards to 
return. We shall therefore endeavour to teach them this 
important lesson. Tie a piece of string firmly round a lucifer 
match, or piece of wood of similar shape, and nail the two ends 
of the string into a piece of wood, so that the match or stick 
may lay lengthways between them. If you now raise the 
match, so that it may lay on the opposite side of the nails, the 
string will become twist^, and will draw the match back again. 
To prevent this, let the end of the stick farthest from the string 
rest on a piece of cobbler's wax, which will retain it for some 
time. Place a shilling on that end, and when the wax ceases 
to hold, the stick wiU spring back to its old position, and project 
the coin to a considerable distance. By placing a similar ar- 
rangement under a wooden figure of a frog, &c., such may be 
made to spring to a considerable distance, much to the amuse- 
ment of the young folks. 

77. Gv/rious Experiment with Carbonic Acid, — Fill a tall glass 
jar with carbonic acid gas, by throwing into it some ch&\kL«iEA 
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' muriatic acidx-a little of each will be sufficient ; or you can 
fill it as described at page 24 in our Chemical section. Into 
the jar so filled introduce a syphon, tUl filled with the ga& Now 
draw off the gas from the tall jar into a tumbler, just as you 
would use the syphon for drawing water (see page 306). It 
you place a lighted taper in the tumbler, it will be extinguished 
as soon as the gas reaches it, and any person ignorant of sci«:ice 
will be at a loss to account for such a result. 

78. To moJee a Stick, without am,y Swpport, hold a PM or 
Weight hanging from it. — Place a broom-stick on a table^ so 
that half of its length may extend beyond the edge of the table, 
and at the underneath part of the stick cut a small notcL 
Hang a pail or weight in a notch in that part of the stick whidl 
is near to the edge of the table, and fit another stick into the 
notch, so as to force the pail beneath the table. The pail may 
now be filled with water, and although it apparently has no 
visible means of support, it will hang from the stick without 
any danger of falling ; because its centre of gravity is behind 
the point where it is supported. The Ulustration below will 

. point out the manner in which this singular experiment may be 
carried out (See fig. 9.) 

Pig. 9. 




A is the table ; b, the long stick ; n, a notch at its end ; 
E, the short stick, one end of which rests in the pail at f ; o, 
the handle of the paiL c shows the line behind which the 
centre of gravity is maintained. 

T9. Cwriou8 Experiment with Two Gases, — ^Half fill an air- 
jar over the pneumatic trough with oxygen, and then pass iii a 
cork or piece of wood nearly as wide as the jar. You may th^ 
fill the remainder of the jar with carbonic acid gas. The object 
of the cork or wood is to break the force of the latter gas as it 
pasaaea in, and so to prevent ita Tuboii!^ mth the oxyg&n, Bemovot 
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the jar from the trough bj means of a plate in the usual mannar^ 
If you now take out the cork from the neck of the air-jar, and 
dip in a lighted taper, the flame will bum brilliantly. Imme- 
diately plunge it into the lower part of the jar, where the car- 
bonic acid gas is, and it will be extinguished. Baise it to the 
oxygen, and it will be re-lit. If you take care to have a long 
wick, and perform your experiment dexterously, you may extin- 
guish and re-light the taper a number of times in the same jar. 

80. The Salamander^ or Fire-eater. — Some time ago a per- 
former became very famous by walking unhurt into, and i*emain- 
ing some time in, the midst of a large Are. It was stated that 
he employed powerful chemicals to render his body insensible 
to heat. We are not aware of the exact process he adopted, 
but our young friends may try the following feats without 
danger. For this purpose wash the hand with a little dilute 
sulphuric acid, which has a tendency to harden the skin and 
inak:e it a bad conductor of heat. Having thus prepared the 
fingers, you may take up and hold for a few seconds a red-hot 
cdaL Indeed, after fi^uently experimenting with acids, the 
fingers become almost callous to heat. We have repeatedly 
burned the skin when showing the power of the galvanic 
battery in melting wires, and have been quite unaware of the 
fiwjt until we perceived the black mark of the charred skin 
across the fingers. A red-hoi coal, or a piece of burning paper, 
may be safely held in the mouth, if you hold the head bick and 
gently drive the air out of the lungs at the same time. In this 
case take care not to drop the burning article down the throat, 
as that would give a speedy and unpleasant termination to your 
attempt. The Chinese and Indians are great proficients in the 
art of " fire-eating." Our young friends wiU find a full expla- 
nation of the means by which red-hot lead may be handled and 
ted-hot iron plates walked over, without injury, in our section on 
Heat, page 178. 

81. Cti/rious Experiment vnth Ivory Balls.— 'ELaxig three 
billiard balls by means of string, so that they may just touch 
each other, and move one away to some little distance. Now 
let it drop so as to hit the second one. This will not move, but 
the third one, receiving the motion of the first, through the 
middle one, will fly off to a considerable distance. Our young 
friends will remember that a similar eflect is often produced when 
one marble strikes another at the well-known game of ring-taw. 

82. The FhantasTnascope. — ^This is a very amusing toy, and 
is made on the principles mentioned at page 192, under the seo- 
tion of light. A circular piece of cardb^rd, twelve inches in 
diameter, is fixed on a handle by means of a ^n at tk<& q&^u^sc:^^ 
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on which it can freely turn round On one side of the circle 
figures, in different attitudes, are pasted or painted, and over 
each a small slit is made. On turning the card rapidly round, 
and looking through the slits, you will perceive on a looking- 
glass placed in front, the reflection of the figures, which seem to 
be in rapid motion and all alive. Amongst many of the illus- 
trations used are horses and men leaping gates, acrobats, &c., all 
of which afford great amusement to^ young folks. The annexed 
engi*aving will iUustrate the construction and use of this singu- 
lar optical toy. 




Fig. 10. 



83. To empty a Decanter without ^^powring out " tto CorUenU 
hy the Neck, — Have a very small hole drilled at the bottom of 
a decanter, and when filling it in the ordinary way place your 
finger on the hole. If you afterwards replace the stopper, hav- 
ing previously gi*eased it, so that it may fit the neck of the 
decanter, and be quite air-tight, no liquid will pass out of the 
small hole, because no air can enter to press the liquid out 
You may hand the bottle round to the company, shake up the 
wine, &C., and they will be at once persuaded that there is no 
" magic " in it. But have made a tin stand, neatly japanned so 
as to resemble those usually employed to hold decanters. It 
must be big enough to hold as much liquid as the decanter 
contains. In the centre of the stand have a hole drilled, which 
XQUSt be in such a poaition aa to be exactly under the fbie hole 
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of the decanter when the latter is placed on it. A hole should 
also be made at the side of the tin case at the top, to allow of 
air passing out, when the wine is descending. After hand- 
ing the bottle round, ask for a handkerchief; throw this over 
the decanter, and when placed on the stand, dexterously remove 
the stopper, by lifting it up, and thus allowing the air to enter. 
The wine will immediately flow out of the gla^ vessel into the 
tin one by means of the small hole. You must, of course, 
engage the attention of your friends, by relating some extraor- 
dinary instances of aerial or any other flights, and having gained 
time until the whole of the wine has passed out, replace the 
stopper, remove the handkerchief, and proclaim the bottle 
empty ! a fact which none of your Mends will doubt, and per- 
haps none will be able to imderstand. 

84. The Parachute, — Our young Mends may have some 
amusement in trying the two following experiments with two 
different forms of the parachute. The simplest illustration of 
this machine is an umbrella or parasoL If you attach a weight 
to the handle of one, and drop it with the weight downwanls, 
it will descend very slowly, and well illustrates the action of 
those parachutes which are sometimes attached to balloons. 
One which will ascend in the air, on a windy day, may be 
made by attaching pieces of sewing cotton, six inches long, to 
the four comers of a sheet of tissue paper, and after tying the 
threads together, attach a small stone to act as ballast. If you 
hold one of these open at the comer of a street, the draught 
Y^ frequently take it to a considei-able height, owing to 
its exposing a considerable surface to the action of the wind. 

85. Incombustible Ladies' Dresses, — An experiment, both 
amusing and useftil to ladies, may be tried by making a dress 
of printed calico, one lialf of which should be soaked in a 
strong solution of sulphate of ammonia, and dried, the other 
half being made up without this preparation. On applying a 
light to such a dress, the unprepared portion will catch fire and 
bum with much flame ; but the prepared part will not ignite, 
indeed it will scarcely bum if placed on the top of a fire. 

86. Gu/rUms Physical Trick. — Much amusement may be 
affbitied by inviting a person to pick up a shilling whilst he 
places both heels against a wall, fh)m which he must not 
remove them, whilst attempting to reach the coin. Owing t6 
the impossibility of maintaining the centre of gravity, in this 
position, the person trying this will be sure to fall forward, and 
of course will fail to reach the coin. 

87. Curious Experiment with Heat, — Place before you three 
basins, one containing water mixed with ice, another b^kft^^H^xis^ 
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water, and the third water as hot as the hand can bear. It 
you plange one hand into each of the cold and hot basins, and 
then place both hands in the middle one, you will experience a 
sensation of cold in that removed from the hot basin, and heat 
in that brought from the cold one. 

88. To produce Minerals by mecma of Electricity. — ^This it 
a very interesting experiment, because you may, by very simple 
means, produce exactly the same appearance, &c., in a piece of 
plaster of Paris ; as you will observe on visiting some copper 
mines. For this purpose, half fill a garden pot, six inches deep, 
with plaster of Paris, by stirring some of this powder in a 
basin of water, and pouring the mixture into a porous garden 
pot, where it must remain until it becomes solid. Now solder 
a copper wire to a piece of zinc and a piece of copper, so that 
the two metals may be placed, one in the inside of the pot, and 
the other so that the pot may rest on it, and cover the 
intermediate wire with sealing-wax. Fill a basin, say to a 
depth of four inches, with a strong solution of sulphate of 
copper, adding to it a little sulphuric acid. In this basin place 
the piece of copper, and on the metal place the pot. Bend the 
wire so that the zinc may rest inside the pot, and touching the 
plaster of Paris ; and fill the inside with a solution of common 
salt. Having done this, throw a cloth over the whole arrange- 
ment, and leave it for two or three weeks, replacing the loss of 
liquid both in the basin and pot, by occasionally adding some 
water. At the end of the time named, you will find, on 
breaking the pot and plaster in half, that the copper has crept 
in and assumed various beautifrd forms. In some places yon 
will observe it in crystals ; in others as a layer of a rich blue or 
purple colour ; and if you allow the lump to diy, it will form 
a very pretty ornament for the chimney-piece, being, as we 
already have stated, a complete counterpart of a natural 
mineral. We have succeeded with iron and other metals, by 
using them instead of copper, which, however, we have given 
as being the easiest to commence witL To assist you in 
constructing one of these interesting arrangements, we annex 
an engraving, and a description of the various parts to which 
we have referred. (See ^g, 11.) 

89. Loud Explosion with GoaUGas and Air, — Fill a sheep's 
bladder with air, and having pressed out about two-thirds, fill 
up the bladder with coal gas, and then tie the neck tightly with 
a string, so as to prevent the escape of the two gases. As the 
explosion produced on igniting the mixture is very powerfrd, 
Hhe exjperiment should only be tried in a garden, lest yon 

might injure, and perhapB deeto>y)^«irifiivi& «xticles indoors hj 
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the Tiolent concussion produced. Having, therefore, taken the 
Uadder into the open air, prick it with a pin, and instantly 



Fig. 11. 




B is the basin holding the copper solution. 

G, the plate of copper on which o, the garden-pot, rests. 

p, plaster of Paris in the pot. 

w, the copper wire covered with sealing-wax. 

z, zinc plate inside the pot, hanging in the solution of salt, s. 



^ly a light. A tremendous report will be given, and the 
ider will be torn to pieces. 

90. To collect cm InfiaTmruxhle Gas from a Pond or Ditch,- — 
Most of our young friends will have noticed bubbles of gas 
rising to the surface of a stagnant pond during the heat of 
summer. This gas bums on the application of flame, and is 
the cause of that singular appearance called Will o' the Wisp, 
which ofien leads the benighted traveller into a pond by its 
deceptive light To collect this gas, dip a tumbler into a 
stagnant sheet of water, and raise it with its mouth downwards, 
so as to retain the water inside. You must now stir the 
bottom of the pond with a stick, and the bubbles of gas will 
rise to the surface. Hold the tumbler over these, and collect 
as much gas as will fill it. When full, apply a light, and the 
gas will immediately catch fire. Instead of a tumbler, you 
may fill a number of bottles with the gas, and, having corked 
them, may reserve your experiments with the contents till you 
return home. 

91. CvHoua Motion of a Metal on a Sheet of Paper. — Fold 
a sheet of blotting-paper, and lay it in a plate, moistening it 
with a little warm water ; place on it a small piece of the 
metal sodium, and in a short time the metal will take fire and 
run in every direction over the paper, as if seeking for 
moisture. 

92. To put a Shilling into a Bottle without toucliMs^ «U.W« — 
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On the neck of a bottle wide enough to allow a shilling to 
drop into it, balance a ring on its edge, and at its upper edge 
place a shilling ; thus the ring will rest in the neck of the 
bottle, and the coin on the top of the ring. If you suddenly 
pull the ring away, by means of a thread 2)assed through it, the 
shilliag will drop into the bottle. This is owing to the ring 
being withdrawn so rapidly as not to allow time for it to com- 
municate motion to the coin. 

93. To obtain Skeleton Leaves. — This forms a very 
pleasing amusement for young persons, especially ladies. To 
obtain what are called anatx>mized or skeleton leaves, soak 
leaves of the currant or other shi*ub in water for some time ; 
the solid part will then gradually rot out, and leave only the 
fibres. These will be of a brown colour, and must be bleached 
' by means of a weak solution of chloride of lime (bleaching- 
powder). They must afterwards be carefully washed, so as to 
free them firom the chloride of lime, otherwise they will speedily 
rot. They should then be dipped into a little gum-water, and 
dvied. By means of some thin wire they can be bound 
together, and if neatly arranged, they form a beautiful orna- 
ment for the drawing-room. 

94. To obtain la/rge amd regvla/r Crystals of am,y Salt — 
Make saturated solutions of each of the following salts, by 
dissolving in separate vessels as much of the salt in boiling 
water as the liquid will take up ; namely, sulphate of copper, 
prussiate of potass, and bichromate of potass, each of which 
.can be obtained of any chemist and druggist. Whilst still hot, 
pour the solution into other glass vessels, and hang in each a 
crystal of the salt of the same kind, by means' of a piece of 
sewing-cotton. In the course of a week you will thus obtain 
one very large crystal of each sort, that of the sulphate of 
copper being blue, of the prussiate of potass yellow, and of the 
bichromate of potass a dark red. By occasionally adding fresh 
concentrated solution, you may thus increase your crystals to' 
almost any size. When they have become as large as you 
desire, remove them from their solutions, and dip them into a 
little warm water for a few seconds. This will wash off any 
superfluous solution which, by ciystallizing on the large crystals, 
would spoil the beauty of their form. Alum may be formed 
into veiy large and regular crystals, by similar means, and any 
of the salts we have named will remain beautiful objects if 
careiully preserved from injury by being covered with glass 
shades, and thus protected from dust. 

96, Magic by the Magnet. — Under the head of Magnetism, 
we hare already mentioned ^Ixabt ^x^ cidXlied magnetic curves. 
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Much amusement may be afforded to young folks by spreading 
some fine iron filings on a sheet of paper placed on a thin table. 
If you now bring a strong horse-shoe magnet underneath the 
table, so as to be near the iron filings, they will instantly rise 
on an end, as if alive, and by moving the magnet in various 
directions the effect may be made highly amusing. 

96. Curious Experiment with Heat— ^ A. straight bar ol 
different kinds of metals may easily be made to bend by 
simply heating it. For this purpose have a piece of brass and 
iron, each an inch wide, one-sixteenth of an inch thick, and two 
feet long, bound together by means of three screws, and placed 
at intervals of six inches. Of course the bar must be straight 
in the first instance, but on being held in the two hands and 
heated at its centre in a gas-flame, it will bend into a curved 
form, owing to the brass expanding more than the iron. 

97. Prodibcing Ice by means of the Gryophorua. — By 
employing a water hammer, already described,, a very singular 
experiment may be tried. Reinove all the wa;ter to one 
end, so as to leave one bulb entirely empiy, and to this 
apply a freezing mixture, or one of pounded ift and cold 
water. The evaporation which will take place from the water 
in the other bulb will produce so great a degree of cold as to 
convert the liquid into a solid mass of ice. The instrument, 
when thus employed, is called a Cryophorus, or " frost bearer." 

98. To illuminate a Lamp of Alum by mearhs of Elec- 
tricity, — Bore a hole through a large crystal of alum, and 
insert at each end a copper wire, whose ends should be brought 
near to each other, but must not touch. On connecting these 
wires with the inside and outside of a charged Ley den jar, and 
thus sending a spark between them, the whole crystal will be 
most brilliantly illuminated, and will present a beautiful 
appearance. 

99. Singular Appearance to be obtained from Loaf Sugar. — 
Our young friends are generally acquainted with the chief 
experiments which may be tried with sugar, especially at 
holiday times. We, however, here present a new one to them. 
Warm a pestle and mortar until they are quite dry and hot, 
and put into the mortar two or three lumps of loaf sugar. If 
you take them into a dark roota, and poimd the sugar sharply, 
bright flashes of light will be produced. 

100. Heat produced by a Liquid becoming Solid. — Make a 
very strong solution of Glauber's salts, by putting as much of 
them into boiling water as it will dissolve, and set the solution 
by in any place where it will not be disturbed. It will retain 
its liquid state ; but if you dip a thermometer into it ^\jkss^ 
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cold, the whole will suddenly become solid, and the mercurj in 
the thermometer will at once rise. 

101. To melt an Inch off a Foker by mecMs of a Common 
Fi/re, — A very common foi*feit in some games is that of making 
a person bite an inch off a poker ; but an inch may be easily 
melted off. Make the end of the poker red-hot, and then touch 
it with a roll of sulphur. The iron will melt away just as a 
tallow candle would do if held in a gas flame. 

102. Light from a Stone. — Heat gently in an iron spoon a 
small piece of fluor spar. On removing it into a dark room it 
will afford a beautiful light, something similar to that given ofi 
by phosphorus. This effect has been called fluorescence, and 
does not require for its production anything like the heat 
which would make the spar red-hot. You can obtain the 
mineral of any operative chemist 

103. To engrave on Egga, — Cover an egg with some melted 
wax, and when cold, trace through the wax any writing you 
please, so as to leave the shell exposed. Now dip the egg into 
some strong pickling vinegar, and leave it for about four hours. 
You can men remove the wax by washing it off by means ot 
spirits of turpentine, when you will find your writing deeply 
" bit " into the substance of the shelL 

104. Amttsmg Experiment with Soap Bubbles, — ^Blow some 
common gas from the gas-jet, through a strong solution of 
yellow soap in a basin of hot water. A large number of 
bubbles will be formed, and on applying a lights they will 
catch fire and give a slight explosion. 

105; Flams from Ftlier.—Tlns should be tried in the open 
air, or in a room devoid of furniture. Pour a tablespoonful of 
ether into a Florence flask, and heat it over a candle. On 
applying a light to the neck, the vapour of the ether will catch 
fire, and you may thus obtain a flame several feet long. The 
flask should be held by means of a piece of brown paper folded 
round its neck, to prevent the heat injuring the hands. 

106. .To m,ake Mosaic Gold, — Heat together in a crucible or 
iron ladle, a mixture of six parts of tin, three parts of mercury, 
three parts of sal-ammoniac, and about the same of flowers of 
sulphur. Most of these ingredients will be sublimed by the 
heat, and a solid shining substance of the appearance of gold 
will be left behind. This is what is called mosaic gold, and is 
used for the purpose of making inferior kinds of jewellery. 

107. To make White Gunpowder, — Powder separately a little 
sugar, prussiate of potash, and chlorate of potash. Mix these 
powders in the proportion of one part each of the two former 
to two of the chlorate. On being ignited, this mixture will 
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explode like gunpowder. It has been proposed to use this in 
place of common powder, than which it has a greater explosive 
force. 

108. Cwrious Eocperiment wUh Gas, — Fill a glass jar, held 
with its mouth downwards, by holding it over a gas-jet. 
When full of gas, introduce and squeeze in it, one of the 
squeaking india-rubber dolPs heads, sold* at toy shops. The 
sound produced will be much shriller than that afforded in the 
au*, resembling in ^t a loud scream. 

109. To set fire to Zinc hy means of a Candle-flame, — 
Procure at the zinc-plate manufacturers some fine shavings of 
the metal, such as are produced in making zinc door-plates. If 
you hold some of these in the flame of a candle, they will catch 
fire, and bum with a beautiful blue flame, which will surpiise 
those who are unaware that metals can be ignited and burned 
with ease. 

110. To boil a Can of Water without a Fire. — Put a tin can, 
filled with water, into a basin, and surround it on all sides with 
some fresh quicklime, on which pour some water. Great heat 
will be given out, and the water in the can will soon boiL 

111. To cool a Liquid, such as Wine, without using Ice. — 
Pound up five ounces of Glauber's salts, sulphate of soda, and pour 
on the powder four ounces of cold dilute sulphuric acid. Any 
vessel containing a liquid may be speedily cooled by immersing 
it in this mixture. This is a very simple mode of cooling wine, 
when no ice can be obtained ; we have used it in pic-nic excur- 
sions to the gratification of our friends on a hot summer's day. 

112. To dry a Piece of Paper hy meams of a Liquid, — -Pour 
a little strong sulphuric acid into a glass-stoppered bottle, and 
hang a piece of wet paper inside, replacing the stopper. In a 
short time the acid will absorb all the water from the paper, 
and thus will render it quite dry. Of course the paper must 
not be allowed to touch the acid. Leaves of trees, flowers, and 
other objects, may easily be dried in this way ; and for the 
purpose of keeping such articles, it is much better than that of 
pressing them between the leaves of books or sheets of blotting- 
paper, as by this plan the fonns of the objects are kept unin- 
jured. 

113. To Mil Insects without giving them Pain, — Many of 
our young friends are fond of keeping specimens of butterflies 
and other insects. The old plan was to impale them alive, by 
means of a pin, which is a very cruel method. The insects may 
be instantly killed by dropping them into a jar of carbonic acid 
gas, the preparation of which we described at page 24. By 
this method the insects at once die, and, ^<eiii<^{td.V^ ^^^i^^e^^s^^ 
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the wings remain extended. Whilst we have the gratification 
of studying their beautiful forms, we have not to regret that our 
pleasure has cost them pain, if we adopt this plan. 

114. 1^0 preserve Dead Birds cmd Small Animals, — ^XJntil 
you are able to have such stuffed, you can prevent them 
putrifying by dropping into their mouths some creosote, a 
liquid which you can obtain of any chemist. This plan is 
exti*emely use^l when some time must elapse between obtain- 
ing the object and its being properly prepared. It has the 
advantage also of not injuring the colour of feathers, <kc., 
which many chemicals, answering the same purpose, would do. 
We have kept birds, &c., for six weeks thus, without their 
imdergoing any change. We give you the two last recipes, to 
enable you not only to pursue your amusement in experimental 
science, but also in natural history, which affords a vast variety 
of objects of interest to young persons. 

115. A Ga^ndle vnay he sent through a Piece of Wood withovJt 
being broken, — Having loaded a pistol with powder, press into it 
a composite candle, using the candle instead of a bullet If you 
now fire off the charge, the candle may easily be driven through 
a panel, say a quarter of an inch thick, and it will pass 
through without sustaining the least injury, except perhaps a 
few scratches on its surface. 

116. Curiovs Syphon Experiment — ^Fill two wine-glasses with 
distilled water, and into one put a little common salt, and into 
the other a few grains of nitrate of silver. Place the salt 
solution on a book, and let the silver one i-est on a table. If 
you connect the two by means of a piece of wetted lamp-cotton, 
the salt solution will pass over, and, mixing with the silver 
solution, will produce the chloride of silver. Any person 
watching this will perceive a solid substance, of a pure white 
colour, Mling from the cotton thread, owing to the production 
of the salt we have named. Solutions of copperas, and prussiate 
of potass, corrosive sublimate and iodide of potassium, and 
various others, may be used, giving various coloured solids. 
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and Notes by Scott. Post 8vo, 5s., cloth, 
i BUNYAN-THE PILGRIM'S PROGRESS, with Expository Lectures. By the 
I Rev. Robert M acquire. Incumbent of Clerkenwell. With Steel Engravings. 

' Second Edition. Imperial 8vo, 10s. 6d., cloth. 

i BUNYAN-THE SELECT WORKS OF JOHN BUNYAN. With Expository 
! Lectures on the Pilgrim's Progress, by the Rev. R. M acquire, M.A., In- 

I cumbent of Clerkenwell ; and a Sketch of the Author's Life and Times. New 

Edition, with numerous Engravings. 2 vols, super-royal 8vo, 36s., cloth. 
BUSHNAN-PHYSIOLOGY OF ANIMAL AND VEGETABLE LIFE. By 
I Dr. BuSHNAN. With numerous Illustrations. Crown 8vo, Is. 6d., cloth. 

CAMPBELL-LIVES OF THE BRITISH ADMIRALS, and Naval History of 
Great Britain from the Days of Caesar to the Present Time. Fifth Edition, 
Engravings. Foolscap 8vo, 2s. 6d., cloth. 

CHANNING-THE COMPLETE WORKS OF WILLIAM ELLERY CHAN- 
NING, D.D. New Edition. 2 vols 8vo. 

CHINESE EMPIRE-THE CHINESE EMPIRE ILLUSTRATED; comprising 
a Series of Views from Original Sketches. By Thomas Allom. Esq. With 
Historical and Descriptive Notes, by the Rev. G. N. Wright, M.A. 2 vob. 
4to, 45s., cloth gilt. 

COBBETTS' WORKS FOR SELF-INSTRUCTION— 

ENGLISH SPELLING BOOK: with Progressive Reading Lessons, Fables, &c. 

12mo, Is., cloth. 
ENGLISH GRAMMAR: intended for the Use of Schools and of Young Persons 

in general. Foolscap 8vo, 2b., cloth. 
FRENCH GRAMMAR; or. Plain Instructions for the Learning of French. 

Foolscap 8vo, 3s. 6d., cloth. 
EXERCISES TO THE SAME: WITH KEY. Foolscap 8vo, 28., cloth. 
LATIN GRAMMAR: for the Use of English Boys. Foolscap 8vo, 2s., cloth. 
ADVICE TO YOUNG MEN, and (incidentally) to Young Women in the 

Middle and Higher Ranks of Life. Foolscap 8vo, 2s., cloth. 
POOR MAN'S FRIEND: a Defence of the Rights of those who do the Work, 

and Fight the Battles. Foolscap 8vo, 8d., limp. 
COTTAGE ECONOMY: containing every matter deemed useful in conducting 

the Affairs of a Labourer's Family. Foolscap 8vo, Is. ()d., cloth. 
ENGLISH GARDENER: containing Full Instructions for the CultivatiQ& of 

Plants, Fruit Trees, Vegetables, Flower Growing, &c. Fcap, 8vo, 38. 6d., cloth. 
THE £NGLISH HOUSEKEEPER; or. Manual of Domestic Economy, for the 

ufie of Young Ladies who\xT\deTtakQ\\i««ai^Tvateiiden6e of their own House- 
lieepin^. By Miss Cobbett. YocAa«BLV%No,^^,^^a««Bi. 



PUBLI8UED BY RICUARD GRIFFIN AND CO. 



OOLEEIDGE-INTRODUCTORY DISSERTATION to the Kncyclopwdia Me 
tropolitana on the Science of METHOD, with a Synopsis. By Samuel Taylor 
Coleridge. Grown 8vo, 28., cloth. 

COOK— VOYAGES ROUND THE WORLD. By Captain Cook. Illustrated 
with Maps and Numerous Engravings. 2 vols., super-royal 8vo, 30s., cloth. 

COPLAND-THE ARITHMETIC OF FRACTIONS AND PROPORTION 
INVESTIGATED AND EXPLAINED. By John Copland. 18mo,ls.,cl. 

COWPER-THE POETICAL WORKS OF WILLIAM COWPER. With In- 
troductory Essay by James Montgomery, and Illustrations. Small Svo, 2s. 6d ., 
oloth, or 3b., cloth gilt. 
THE SAME WORK— Cheap edition. 24mo, Is. 6d., cloth. 

COX— MANUAL OF BIBLICAL ANTIQUITIES: or. Illustrations of the Holv ' 

Scriptures. By the Rev. F. A. Cox, D.D., LL.D. With Mape and nearly - 

200 Illustrations. Crown Svo, 7s. 6d., cloth. 
COX— SACRED HISTORY AND BIOGRAPHY Jrom the Antediluvian Period 

to the Time of the Prophet Malachi. Edited by Rev. F. A. Cox, D.D,^ LL.D. 

Grown Svo, 6s., cloth. 
CRAIK— HISTORY OF ENGLISH LITERATURE. By George L. Craik, i 

LL.D., Professor of English Literature, Queen's College, Belfast. 2 vols., Svo. | 

THE CIRCLE OF THE SCIENCES— 

A SERIES OF POPULAR TREATISES ON THE NATURAL AND PHY- 
SICAL SCIENCES. AND THEIR APPLICATIONS. By Professors Owen, i 
Anstbd, Young, and Tennant; Drs. Latham, Smith, Scoffern, Bushnan, 
and Bronner; Messrs. Mitchell, Twisden, Dallas, Gore, Imray, Martin, 
Sparling, and Others. Complete in 9 vols., crown Svo, price 5s, eacli, [ 
cloth lettered. Illustrated with many T'housand Engravings on Wood. 

Vol. I.-ORGANIC NATURE— Vol. I. Animal and Vegetable Physiology; ' 
the Skeleton and the Teeth ; Varieties of the Human Race. By Professor Owen, 
Dr. Latham, and Dr. Bushnan. 

Vols. II. and III.— ORGANIC NATURE— Vols. II. and III. Structural aiui 
Systematic Botany, and Natural History of the Animal Kingdom. By Dr. ! 
Edward Smith, and William S. Dallas, F.L.S. 

Vol. IV.— INORGANIC N A T U R E-Geology and Physical Geography ; 
Crystallography, Mineralogy, Meteorology, and Atmospheric Phenomena, li.. 
Professor Ansted, Rev. W. Mitchell, M.A., Professor Tennant, Dr. Scoffeni. ! 
and E.J. Lowe, Esq. 

Vol. V.-PRACTICAL ASTRONOMY, NAVIGATION, and NAUTICAL , 
ASTRONOMY. By Hugh Breen, Esq., Greenwich Observatory; and Pm- : 
fessor Young. 

Vol. VI.— elementary CHEMISTRY— The Imponderable Agents and i 
Inorganic Bodies. By John Scoffern, M.D. ; 

Vol. VII.-PRACTICAL CHEMISTRY— Monographs on Electro- Metallurgy ; I 
the Photographic Art; Chemistry of Food, and its Adulterations; Artificial ' 



Light. 
Bronner, 



By George Gore, Birmingham; John Scoffern, M.D.; Dr. Edwaid 
', Bradford; Marcus Sparling; and John Martin. 

Vol. VIII.— MATHEMATICAL SCIENCE-Philosophy of Arithmetic; Al- 
gebra and its Solutions; Plane Geometry: Logarithms, Planar, and Spherical 
Trigonometry; Mensuration and Practical Geometry, with use of Instruments. 
By Professor Young; Rev. J. F. Twisden, M.A., Sandhurst College; and 
Alexander Jardine, Esq., C.E. 

Vol. IX.— MECHANICAL PHILOSOPHY-The Properties of Matter; Ele- 
mentary Statics; Dynamics; Hydrostatics; Hydrodynamics; Pneumatics; 
Practical Mechanics; and the Steam-Engine. By the Rev. Walter Mitchell, 
M.A.; J. R. Young; and John Imray, M.A. 

CROSSLAND— MEMORABLE WOMEN: The Story of Their Lives. By Mrs. 
Newton Crossland, Author of "Lvdia: a Woman's Book." With eight 
Illustrations by Birket Foster. Third Edition. Foolscap Svo, 3s. 6d., cloth. 

CRUDEN— CONCORDANCE TO THE HOLY SCRIPTURES. Condensed 
and Revised from the larger Work of Cruden. By Rev. Professor Eadib, D.D. 
LL.D. Twentieth Edition. Svo, 5s., cloth. 

eURRIE-NOTES TO HORACE, Original and Selected. By Joseph Currie, 
one of the Classical Masters in the Glasgow Academy. With numerous Illustra- 
tions. Foolscap Svo, 4s., cloth. 



NEW WORKS AND NEW EDITIONS 



, UALGAIKNS-THE PRACTICE OF COOKERY Adapted to the Boainess of 
Every-day Life. By Mas. Daloairns. Fourteenth Edition, enlarged. Fcap. 
Svo, 3b. 6d., clocii. 

I DALLAS-NATURAL HISTORY OP THE ANIMAL KINGDOM: a Syste- 
i matic and Popular Description of the Habits, Structure, and Classification of 

Animals. By W. S. Dallas, F.L.S. Many Hundred Illustrations. Crown 

8vo, 88. 6d., cloth. 
! DAVY-ELEMENTS OP AGRICULTURAL CHEMISTRY. By Sir H. Datt, 
j Bart, P.R.S., &c. New Edition. Revised by Johh Shibr, A.M., LLJD. 

8vo, 3s. 6d., cloth. 
I DEVOTIONAL RETIREMENT— Scriptural Admonitions for the Closet for every 

Day in the Year, with Introductory Thoughts on Religion. By Thomas 

Wallace. Crown 8vo, 5s., cloth. 
DEWEY-THE THEOLOGICAL WORKS of the Rev. Ortille Dewet, D.D. 
I Post 8vo, 3s. 6d., cloth. 

i DICK-THE CHRISTIAN PHILOSOPHER; or. The Connection of Science 
I and Philosophy with Religion. By Thohas Dick, LL.D. Twenty-second 

Edition, beautifully Illustrated. Post 8vo, 6s. 6d., cloth. 
' THE SAME WORK— Cheap Edition. 4b., cloth. 

DONALDSON-RECOLLECTIONS OF THE EVENTFUL LIFE OF A 
I SOLDI E R. By J oseph Donaldson, Sergeant in the Ninety-fourth R^^ent. 

I Foolscap 8vo, 3s. 6d., cloth. 

1 DON QUIXOTE-THE ADVENTURES OF DON QUIXOTE. By Cervantes. 
■ New Edition, with 600 Illustrations by Tony Johannot. 8vo, Zs. 6d., cloth. 

D'ORSEY-SPELLING BY DICTATION. By Rev. A. J. D. D'Orsey. Eighth 
I Edition. 18mo, Is., cloth. 

' PROFESSOR EADIE'S WORKS- 
ANALYTICAL CONCORDANCE to the Holy Scriptures: or. the Bible pre- 
sented under distinct and classified Heads or Topics. With Synopsis and 
Index. Second Edition, revised. Post 8vo, 8b. 6d., ck>th. 

BIBLICAL CYCLOPEDIA ; or. Dictionary of Eastern Antiquities. Geo- 
graphy, Natural History, Sacred Annals and Biography, and Biblical Litera- 
I ture. With Maps and numerous Illustrations. Seventh Edition, levised. Post 

Svo, 7s. 6d., cloth. 

COMMENTARY ON THE GREEK TEXT OF THE EPISTLE OF 
PAUL TO THE COLOSSIANS. Svo, 10s. 6d., cloth. 

COMMENTARY ON THE GREEK TEXT OF THE EPISTLE OF 
PAUL TO THE EPHESIANS. Svo, 14s., cloth. 

COMMENTARY ON THE GREEK TEXT OF THE EPISTLE OF 
PAUL TO THE PHILIPPJANS. Svo, 10s. 6d., cloth. 
; CONDENSED CONCORDANCE to the Holy Scriptures on the basis oi 

Cruden. Twentieth Edition. Post Svo, 5s., cloth. 

DICTIONARY OF THE BIBLE, for the Use of Young Persons. With 120 
Illustrations. Fifth Edition. Small Svo, 2s. 6d., cloth. 

DIVINE LOVE: a Series of Doctrinal, Practical, and Experimental Dis- 
courses. Foolscap Svo, 5s., cloth. 

EARLY ORIENTAL HISTORY ; comprising the History of Egypt, Assyria, 
Persia, Media, Phrygia, and Phcenicia. Numerous Illustrations. Or. Svo, Ss., ci. 

ECCLESIASTICAL CYCLOPEDIA • or. Dictionary of Christian and Jewish 
Sects, Denominations, and Heresies— History of Dogmas, Rites, Sacraments. 
Ceremonies, &c.— Liturgies, Creeds, Confessions, Monastic and Relifi^ous 
Orders, &c., &c. Post Svo. 
PAUL THE PREACHER; or, a Popular and Practical Exposition of his Dis- 
courses and Speeches, as recorded in the Acts of the Apostles. Post Svo, 
7s. 6d., cloth. 
ECCLESIASTICAL HISTORY-HISTORY OF THE CHRISTIAN CHURCH 
from the Birth of Christ to the Present Day. By Bight Rev. Samuel Hinds, 
D.D., Bishop of Norwich; Rev. J. H. Newman, B.D.: James A. Jeremte, 
/ - D.D., Regius Professor of Divinity in the University of Cambridge; Rev. J. B. 
/ 8. Carwithen, B.D.; Right Rev, Dr. Hampden, Bishop of Hereford; Rev. J. 

/ E. Riddle, M.A.; Rev. 11e»u\ 3.Ro&^ ^.^., &». &o. 3 voIubms, crown 

Svo, L.l Is., cloth. 



PUBLISUED BY RICHARD GRIFFIN AND CO. 



ENCYCLOP-^DIA METROPOLITANA. NEW AND REVISED 

EDITION. The Second Edition of tiie Encyclopedia Metropolitana, will be 
handsomely printed in a Series of Cabinet Volumes. Crown 8vo. The work will 
be thoroughly revised, many new Treatises added, the Articles all provided with 
comprehensive Indexes, or Analytical Tables of Contents, and abundantly illus- 
trated by Maps, Woodcuts, and Engravings. It will be published in volumes, each 
containing a complete Treatise. 



Vol. 1.-METH0D. 

2.--UNIVERSAL GRAMMAR. 

3.--L0GIC. 

4.-RHET0RIC. 

6.-EARLY CHRISTIANITY. 

6.— POLITICAL ECONOMY. 

7.— HISTORY OF THE JEWS. 

8.-SACRED HISTORY & BIOGRAPHY. 

9.-GREEK LITERATURE. 
10.— ANCIENT PHILOSOPHY. 
11.-UNIVERSAL HISTORY. 
12.-R0MAN ANTIQUITIES. 
13.-B0TANY. 

14.-ELECTR0-METALLURGY. 
15.-EARLY HISTORY OF GREECE. 
16.-PH0T0GRAPHY. 
17.— VETERINARY ART. 
18.-EARLY ORIENTAL HISTORY. 
19.~HIST0RY OP THE ROMAN REPUBLIC. 
20.-BIBLICAL ANTIQUITIES. 
21.-MErALLURGY. 
22.— THE CHURCH IN THE SECOND AND 

THIRD CENTURIES. 
23.-HISTORY op GREECE & MACEDONIA, Dean Lyall, &c. 
24.-ROMAN LITERATURE. 
25.-HISTORY OF THE ROMAN EMPIRE. 
26.-DECLINE AND FALL OF ROME. 
27.-GREEK AND ROMAN PHILOSOPHY. 
28.-THE PHILOSOPHY OF THE FIRST 

SIX CENTURIES. 
29.— HISTORY op the OTTOMAN EMPIRE. 
30.— TRIGONOMETRY. 
31.-0CCULT SCIENCES. 
32.-GEOLOGY. 



S. T. Coleridge. 2s. 
Sib J. Stoddabt, LL.D. Bs. 
Archbishop Whatelt. 3s. 
Archbishop Whatelt. 3s 6d. 
Bishop Hinds. 6s. 
Nassau W. Senior, M.A. 4s. 
Archdeacon Hale. 2b. 6d. 
Dr. Cox. 6s. 

SirT.N.Talpodrd, &o. 7s.6d. 
Rey. F. D. Maurice, M.A. Ss. 
Sir J. Stoddart, LL.D. 5s. 
Propessob Ramsay. 8s. 6d. 
Professor Balfour. 12s. 6d, 
James Napier, F.C.S. 3s. 6d. 
Sir T. N. Talfourd, &c. 9s. 
RoBKRT Hunt, F.R.S. 6s. 
W. C. Spoon ER. 3s. 
Professor Eadie, D.D. 8s. 
Dr. Arnold, &c. 8s. 6d. 
Dr. Cox. 78. 6d. 
J. A. Phillips. F.C.S. 128.6d. 

Professor Jeremie. 4s. 

8s. 
Dr. Arnold, &c. 7s. 6d. 
Dr. Arnold, &c. 10s. 6d. 
Bishop Russel, &c. 10s. 6d. 
Bishop Blomfield, &c. 48. 



Rey. F. D. Maurice. 3b. 6d. 
Colonel Procter, &c. 7s. 6d. 
Prof. Airy, F.R.S. 2s. 6d. 
Rey. E. Smedley, &o. 68. 
Prof. Phillips, F.R.S. 12s 6d 



33.-THE CHURCH FROM THE FOURTH \Rey.J.B.S.Carwithen,B.D. 



TO THE TWELFTH CENTURY. 
34.-CHRONOLOGICAL TABLES. Div. I. 
35.-CHRONOLOGICAL TABLES. Div. II. 
36.-MEDIiEVAL PHILOSOPHY. 
37.— PRACTICE OF MEDICINE. 
38.— GLOSSOLOGY. 
39.-APPLIED MECHANICS. 



J and Others. 5s. 
I. M*Burney, LL.D. 58. 
Samuel Neil. 5s. 
Rey. F. D.Maurice,M.A. 58. 
Dr. Aitken. 15s. 
Sir John Stoddart. 78. 6d. 
Professor Ranking. 12B.6d. 



40.-CHURCH HISTORY from THIRTEENTH 



CENTURY TO PRESENT DAY. 
/THE LAW OF NATIONS, 
t AND DIPLOMACY. 



41,— 

42.— THE STEAM-ENGINE, AND OTHER 
PRIME MOVERS. 



Bishop Hampden, &c. 7s. 6d. 

Archer Pol80n,M.A. \ o- aj I 
T. H. Horne, B,D. / 2b M. I 



KBW WORKS AND NEW EDITIONS. 



/ 



ENCYCLOPEDIA METKOPOLITANA— continued. 

IN PREPARATION — 

43.-CIVIL ENOmEERINO. Prof. W. J. BiAOQUOBV Rakkihe, F.R.S. 

44.— APPLIED CHEBnSTRT. PsoFsasoR Axtdbrsoit, M.D. 

4fi.-£NGLISH LITERATURE. Professor Crxik, LL.D. 

46.-MODERN PHILOSOPHY. Ruv. F. D. Maurice, M.A. 

47.-PHTSICAL GEOGRAPHY. James Brtce. LL.D., F.G.& 

48.— LAW. Various CoRTRiBuroRai 

ENCYCLOP-ffiDIA METROPOLITAN A; or. Dictionary of Universal Knowledge, 
OriKinal Edition. Complete in '30 volumes. With 600 Engravings, L.25, half> 
bound. 

ENGLISH LANDSCAPE PAINTERS: a Series of 20 Steel Engravings after 
Turner, Stanfibld, Constable, Collins, Roberts. Calcott, Creswick, 
&c., &c. With Description by W. M. Thackeray. Folio, cloth gilt, 148.; or 
beautifully coloured, L.l Is. 

ENGLISHWOMAN'S LIBRARY-A Series of Moral and Descriptive Tales. By 

Mrs. Ellis. 2s. 6d. each vol., or 3s., gilt. 
THE WOMEN OF ENGLAND ; their Social Duties and Domestic Habits. 

Nineteenth Thousand. 
THE DAUGHTERS OF ENGLAND ; their Position in Society, Character, 

and Responsibilities. Twentieth Thousand. 
THE WIVES OF ENGLAND; their Relative Duties, Domestic Influence, and 

Social Obligations. Eighteenth Thousand. 
THE MOTHERS OF ENGLAND ; their Influence and Responsibility. 

Twentieth Thousand. 
FAMILY SECRETS; OR, HINTS TO MAKE HOME HAPPY. 3to1s. 

Twenty-third Thousand. 
SUMMER AND WINTER IN THE PYRENEES. Tenth Thousand. 
TEMPER AND TEMPERAMENT; or, Vw^eties of Character. 2 vols. 

Tenth Thousand. 
PREVENTION BETTER THAN CURE ; or, tiie Moral Wants of the Worid 

we live in. Twelfth Thousand. 
HEARTS AND HOMES ; OR, SOCIAL DISTINCTION. 3 vols. Tentii 

Tboujiand. 

FARADAY-LECTURES ON THE PHYSICAL FORCES. Delivered to a 
Juvenile Audience at the Royal Institution, Christmas 1859. By Professor 
Faraday, D.C.L. Reprinted and Edited by William Crookbs, Editor of 
the Chemical News, With numerous Illustrations. Foolscap 8vo, 3s. 6d., cloth. 

FINDEN'S FINE ART WORKS- 
GALLERY OF MODERN ART: a Series of Thirty -one hijfhly-finished Steel 
Engravings. With Descriptive Tales by Mrs. S. C. Hall, Mary Howitt, and 
Others. Folio, 21s., cloth, extra gilt edges. 
BEAUTIES OF MOORE: being a Series of Portraits of his princi^ Female 
Characters. From Paintinirs by eminent Artists; engraved in the highest style 
of Art. By Mr. Edward Finden. With a Memoir of the Poet, and Descrip- 
tive Letterpress. Small folio, 42b., cloth extra, gilt edges. 
THE ROYAL GALLERY OF BRITISH ART-48 Magnificent Engravings 
after Turner, Landseer, Stanfield, &c., &c. Engraved by the Findens. 
Elephant folio, L.8 88., half-bound morocco, extra. 
FLEMING-THE VOCABULARY OF PHILOSOPHY— Moral, Mental, and 
Mkta physical. By William Fleming, D.D., Professor of Moral Philosophy 
in the Universi^ of Glasgow. Second Edition, revised. Fcp. 8vo, 7s. 6d., cloth. 

GARDNER'S (DR.) POPULAR BIOGRAPHIES— 

MEMOIRS OF EMINENT CHRISTIAN FEMALES, with Portraits. 

Seventh Edition. Foolscap 8vo, 2b. 6d., cloth ; or Ss., gilt edges. 
MEMOIRS OF DISTINGUISHED MISSIONARIES, witii Portraits. Third 

Edition. Foolscap Svo, 2b. 6d., cloth ; or 3s., gilt edges. 
MEMOIRS OP DEEPLY TRll^D CH^LiaTlANS. Second Edition. Fools- 
cap, Svo, 2b. 6d., cloth. 



PUBLISHED BY RICHARD GRIFFIN AND CO. 



GLASGOW AND ITS CLUBS— Glimpses of the Condition, Manners, Characters, 
and Oddities of the City during the last and present century. By John 
Strang, LL.D. Second Edition. Small 4to, 129. 6d., cloth. 

GLASGOW IN FORMER TIMES— Views and Notes of Glasgow in former times. 
By Robert Stuabt. With a series of 40 beautiful lithographs by Simpson. 
4to. 123. 6d.. cloth. 

GOLDSMITH-THE MISCELLANEOUS WORKS OF OLIVER GOLD- 
SMITH. With Introductory Memoir by William Spalding, A.M., Professor 
of Logic in the University of St. Andrews. Third Edition. Medium 8vo, 7s. 6d., 
cloth. 

GRIFFIN'S NEW EDITIONS of the CLASSICS— 

JTnnior ClaMics— 

Extracts from Caesar's Commentaries, with Vocabulary and Notes, by 
J. CuRRiE, Glasgow Academy. Second Edition. 18mo, Is. 6d., cloth. 

Extracts from Oyid's Metamorphoses, by I. M'Burnet, LL.D., with Copious 
Notes. Second Edition. 18mo, Is. 6d., cloth. 

liarge Type Classical Texts — 

Horatii Opera, from the Text of Orellius. Foolscap Svo, Is. 9d. 

ViRGiLii Opera, from tlie Text of Heyne and Wagner. Foolscap Svo, 2b. 3d. 

Classical Notes — 

Notes to Horace's Works, by Joseph Currie. Foolscap Svo, 48. 
Notes to Virgil's Works, by A. H. Brtce, B.A. Foolscap 8vo, Ss., cloth. 

Unirersity Annotated Classics — 

Vtrgilii Opera. With copious Notes, by A. H. Bryce, B. A., one of the Classical 
Masters in the High School of Edinburgh. With Illustrations. Fcap. 8vo, 7s. 6d. 

Horatii Opera. With Copious Notes, by Joseph Currie, one of the Classical 
Masters in the Glasgow Academy. With illustrations. Foolscap Svo, 6b., bound. 

Illustrated Classics^ 

Horatii Opera— 250 Illustrations; and Memoir, by Rev. H. Thompson, M.A. 

Crown Svo, 7s. 6d., cloth ; or with Currie's Notes, 9s., cloth, or lOs. 6d., gilt edges. 
ViRGiLii Opera— 300 Illustrations; and Memoir, by Rev. H. Thompson, M.A., 

Crown Svo, Ss. 6d., cloth ; or with Bryce's Notes, 10s. 6d., cloth, or i2s. 6d., git. ed. 

GRIFFIN'S UNIVERSAL LIBRARY— 

A series of medium Svo volumes, handsomely bound in cloth, 3s. 6d. each. 
POETRY. First Series. Robin Hood Ballads, edited by Ritson; Sir Walter 

Scott's Lay of the Last Minstrel, Marmion, Lady of the Lake; and Oliver 

Goldsmith's Plays and Poems. 
POETRY. Second Series. Chaucer's Canterbury Tales, and Bunis's Poetical 

Works. 
POETRY. Third Series, Milton's and Thomson's Poetical Works. 
POETRY. Fourth Series. Young's Poetical and Dramatic Works; Schiller's 

Trag:edies, translated by S. lH. Coleridge; and Goethe's Faust, translated by 

Lewis Filmore. 
VOYAGES AND TRAVELS. Anson's Voyage Round the World; Stephen's 

Incidents of Travel in Greece, Russia, Turkey, and Poland; and Kcempen'^ 

Account of Japan. 
POPULAR ESSAYS. Goldsmith's Letters from a Citizen of the World, Bee, 

Inquiry into the Present State of Learning, and Miscellaneous Essays; Bacon's 

Essays; and Locke on the Reasonableness of Christianity. 
NOVELS AND TALES. Sterne's Tristram Shandy: Saintaine's Picciola; 

Johnson's Raraelas; and Goldsmith's Vicar of Wakefield. 

The Works may also be had separately in limp cloth:— 



d. 

1. Robin Hood, edited by Ritson, . 1 6 

2. Anson's Voyage Round the World,l 6 

3. Bums's Poetical Works, &c., . 1 6 

4. Sterne's Tristram Shandy, . 2 
6. Young's Poetical Works, . .26 

6. Stephen's Travels in Turkey, &c., 1 6 

7. Goldsmith's Miscellaneous Essays,l 6 

8. Thomson's Poetical Works, . 2 6 

9. Goldsmith's Vicar of Wakefield, 1 
10. Chaucer's Canterbury Tales, . 2 6 



s. d. 

11. Picciola: a Tale by Saintaine, . 1 

12. Schiller's Tragedies, translated, 1 

13. Goldsmith's Poems and Plays, . 1 6 

14. Koempen's Account of Japan, . 1 6 

15. Milton's Poetical Works, . .20 

16. Goldsmith's Citizen of the World, 1 6 

17. Locke on Christianity, . .10 
IS. Sir Walter Scott's Poetical Work8,l 6 
19. Goethe's Fauat Jt.w.\»i».\«A> * \ ^^ 



J 



10 NEW WORKS AND NEW EDITIONS. 

GRIFFIN'S (JOHN JO WORKS— 

CHEMICAL RECREATIONS: a Popular Mannal of Experimental Chemistry. 

Tenth Edition, rcTised and greatly enlarged. With numerous Engravings. 

Crown 8vo. 

Division I. First Coubsb of Chbmical Experiments. 2b. oloth. 
„ II. Chemistry of the Non-Metallic Elements. lUs. 6d. cloth. 
„ III. Chemistry of the Metals. 
A SYSTEM OF CRYSTALLOGRAPHY: with its AppUcation to Mineralogy. 

8vo, 9b. cloth. 
THE RADICAL THEORY IN CHEMISTRY: a new work to explain and 

adjust the present nomenclature, and other points connected with the Science. 

Crown 8vo, 128. 6d., cloth. 
GREECE-PICTORIAL HISTORY OP GREECE from the Earliest Period 

to the absorption of Greece in the Roman Empire. By E. Pooocke, Esq.; 

Rev. J. B. Ottley, M.A.; Sir T. N. Talfourd, D.C.L.; J.T, Rutt, Esq.; 

W. Roe Lyall, D.D.; Rev. J. H. B. Mountain, D,D,\ Rev. G. C. 

Renouard, B.D., and Others. Illustrated by numerous Engravings. 2 yoIs., 

crown 8vo, 148., cloth. 
GREEK AND ROMAN PHILOSOPHY AND SCIENCE-HISTORY OF 

GREEK AND ROMAN PHILOSOPHY AND SCIENCE. By the Rev. 

Dr. Blomfield; W. Lowndes, Eaq-.M. A., Q.C.; Rev. J. W. Blakesley, 

M.A.; A. Findlater, A.M.; Rev. Prof. Jeremie; Rev. Prof. Whewell, 

and Others. Crown 8vo, 48., cloth. 
GREEK LITERATURE-HISTORY OF GREEK LITERATURE. By Sir 

T. N. Talfourd; Risht Rev. Dr. Blomfield, Bishop of London: Rev. H. 

Thompson, M.A., and other Contributors. With Chronological Tables and 

Index. Crown 8vo, 7s. Gdn cloth. 
GROS-RECOLLECTIONS OF AN EMBASSY TO CHINA AND JAPAN 

IN 1857-8 BY THE BARON GROS. By the Marquis db MoGES.-^With 

coloured Illustrations. Foolscap 8vo, 6s., cloth. 

HALE— HISTORY OF THE JEWS, from the time of Alexander the Great to 
the Destruction of Jerusalem by Titus. By Archdeacon Hale, Master of the 
Charter House. Crown 8vo, 2s. 6d., cloth. 

HENRY-COMMENTARY ON THE OLD AND NEW TESTAMENTS. By 
Matthew Henry. New Edition. 3 vols., super-royal 8vo, SOs., cloth. 

HERSCHEL-TREATISES ON LIGHT. SOUND, AND PHYSICAL AS- 
TRONOMY. By Sir John F. W. Herschel, Bart., F.R.S. With Illustra- 
tions. 4to, 15s., cloth. 

HINDS-THE RISE AND EARLY PROGRESS OF CHRISTIANITY. By 
Right Rev. Dr. Hinds, Bishop of Norwich. New Edition, revised. Crown 8vo, 
38. 6d., cloth. 

HITCHCOCK-RELIGIOUS TRUTH ILLUSTRATED FROM SCIENCE. 
By Edward Hitchcock D.D., L.L.D. New Edition. 12mo, 2s. cloth. 

HITCHCOCK-THR RELIGION OF GEOLOGY AND ITS CONNECTED 
SCIENCES. By Edward Hitchcock, D.D., LL.D. New Edition, 12mo, 2a., I 
cloth. 

HOGARTH.-THE WORKS OF WILLIAM HOGARTH. In a Series of 150 
Steel Engravings by the first Artists, with Descriptions and a Comment on their 
Moral Tendency. By the Rev. John Trusler. Complete in two volumes, 
4to, 42b., cloth, gilt edges. 

HORATII OPERA— The Complete Works of Howce. With 210 Illustrations from 
the most Authentic Sources^nd Introductory Dissertation on the Life and 
Poetry of Horace. By the Rev. Henry Thompson, M.A., late Scholar of 
Cambridge. Crown, 8vo, 7s. 6d. cloth. 
THE SAME WORK, with a Series of Illustrated Notes. By Joseph Currir, 
one of the Classical Masters int he Glasgow Academy. 9s., cloth ; or 10s. 6d., 
cloth, gilt edges. 

HUGHES— A SERIES OF SCIENTIFIC READING LESSONS, by the most 
distinguished Men of the day. Edited by Edward Hughes, F.R.A.S. With 
numerous Illustrations. 4 vols., foolscap 8vo, 14s., cloth. 

HUMPHREYS-TUE COINAGE OF TPIE BRITISH EMPIRE ; an Outiineof 
the Progress of the Coinage .in Great Britain, and her Dependences, from the 
Earliest Period to the Present Time. ^^ ^^^^x Kq«l Humphreys. With 
numerous coloured plates. lrapeTVa.\%NO,^%.,\«waA, 
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HUNT.— MANUAL OF PHOTOGRAPHY, embracing the Daffuerreotype, Calo- 
type, and all the published Photographic proceaees. By Robert Hunt, F.R.S. 
Fifth edition, enlarged. Numerous Engravings. Crown 8vo, 68., cloth. 

HUNT.-PRACTICE OF PHOTOGRAPHY. By Robert Hunt, F.R.S. With 
numerous Engravings. Crown 8vo, la. 6d. cloth. 

IMRAY-PRACTICAL MECHANICS ; including Mechanical Drawing, Material 
and Sources of Power. By John Imrat, M.A., C.E. With numerous Illustra- 
tions. Crown 8vo, Is. 6d. cloth. 

IMRAY-THE STEAM-ENGINE AND ITS APPLICATIONS. By John 
Imrat, M.A., C.E. With numerous Illustrations. Crown Svo, 2s., cloth. 

JACOBITE BALLADS OF SCOTLAND. The Jacobite Songs and Ballads of the 
Adherents of the House of Stuart. Edited by Charles Mackay, LL.D. 
Foolscap Svo, 68., cloth. 

JAMIESON-POPULAR CYCLOPAEDIA OF MODERN RELIGIOUS BIO- 
GRAPHY. By the Rev. Robert Jamieson, D.D. Third Edition. Crown Svo, 
3s. 6d., cl. 

JAMIESON— SCRIPTURE READINGS: the Bible familiarly Explained to the 
Young. Edited by the Rev. Dr. Jamieson. With Illustrations. Foolscap 
Svo, 2s. 6d., cloth. 

JARDINE-PRACTICAL GEOMETRY : being a Solution of the Problems 
most useful to the Practical Draughtsman. By Alexander Jardine, Civil 
Engineer. With numerous Illustrations. Crown Svo, Is., cloth. 

JEREM IE-HISTORY OF THE CHRISTIAN CHURCH IN THE SECOND 
AND THIRD CENTURIES. By James Amiraux Jbremib, D.D., Regius 
Professor of Divinity, Cambridge. Crown Svo, 4s., cloth. 

JOHNSTON-CHART OF THE PROPERTIES AND PRICES OF METALS 
chiefly used in the Arts and Manufactures. By William Johnston. 218., on 
Roller, Varnished. 

KING-THE PRINCIPLES OF GEOLOGY Explained and Viewed in their 
Relations to Revealed and Natural Religion. By Rev. D. Kino, LL.D. With 
Notes, &c., by Professor Scouler. New Edition, revised. Fcp. Svo, 28. 6d., cl. 

KERR-PRACTICAL TREATISE ON THE SUGAR CANE, and Manufacture 
of Sugar. By Thomas Kerr. Foolscap Svo, Ss., cloth, 

KITTO-THE PICTORIAL SUNDAY-BOOK. Edited by John Kitto, D.D., 
F.S.A. Illustrated with l,.30O Engravings on Wood, and a Series of Coloured 
Maps. Folio, 258., cloth, gilt edges, 

KITTO-PHYSICAL GEOGRAPHY OF PALESTINE. By John Kitto, D.D. 
New Edition. Small Svo, 2s. 6d., cloth. 

KNIGHT— PICTORIAL MUSEUM OF ANIMATED NATURE, and Com- 
panion for the Zoological Gardens. Illustrated with 4,000 Wood Engravings. 
2 vols., folio, 35s., cloth. 

LAMB— TALES FROM SHAKSPEARE. By Charles and Mart Lamb. 

New Edition, to which are now added Scenes illustrating each Tale. Edited 

by Charles Knight. Small Svo, 2s. 6d., cloth. 
LATHAM— VARIETIES OF THE HUMAN UACE: Introductory to the Study 

of Geography and History. By R. G. Latham, M.D., F.R.S. With numerous 

Illustrations. Is. 6d., cloth. 
LIBER ALBUS— THE WHITE BOOK OF THE CITY OF LONDON. Com- 

{)iled A.D. 1419. By John Carpenter ( Richard Whitington, Mayor), trans- 
ated and extensively annotated from the Original Latin and Norman-French. 
By Henry T. Rily, M.A., 4to, cloth. 

LORIMER-HISTORY OF THE SCOTTISH REFORMATION. By Peter 
Lorimer, D.D., Professor of Divinity, English Presbyterian College. With 
a beautiful Series of Landscape Illustrations. By Birket Foster. Post Svo, 
10s. 6d., cloth elegant. 

LOWE-METEOROLOGY AND ATMOSPHERICAL PHENOMEN A.^ -w^ 
the Practical Use of Instruments. By E. J . LwilE., ^'a\..,^ .^.KS»«^^ *^x^vc 
Beeston Observatoiy. With numero\ia IWuaVraAlvotv*. ^T^»i\l%^^^^A.^«^»•»'»'^^»" 
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M*BURNEY-THE STUDENT'S HANDBOOK OF ANCIENT HISTORY. 
Edited by I. M'Burnet, LL.D. With Maps, Tables. &c. Crown 8vo, 
3s. 6d., cloth. 

M*BURNEY— THE STUDENT'S HANDBOOK OP THE HISTORY OF THE 
MIDDLE AGES. Edited by I. M*Burnet, LL.D. With Introductory 
Dissertations, by Colonel Procter, C.B. Maps. Crown 8vo, 58., cloth. 

MACKEY— LEXICON OP FREEMASONRY: containing a definition of aU its 
communicable Terms, Rites, Ceremonies, History, &c. By Albert G. Mackrt, 
M.D. Revised by Donald Campbell. Crown 8vo, 7s. 6d., cloth. 

MANGN ALL-HISTORICAL AND MISCELLANEOUS QUESTIONS, for the 
use of Young People. By Richmal Mangnall. New Illustrated Edition, 
greatly Enlarged and Corrected, and continued to the Present Time. By 
INGRAM CoBBiN, M.A., 12mo, 4s., bound. 

MARTIN— THE INDIAN EMPIRE: ite History, Topography, Government, 
Finance, Commerce, and Staple Products. By R. M. Martin, Esq. 2 vols, 
imperial 8vo, 2Is., cloth; or with 72 Steel Engravmgs, 2 vols., 4to, 42s., cloth gilt. 

MARTIN— PHOTOGRAPHIC ART: comprising the Theory and Practice of the 
Art in its various processes, including Optics and Chemistry. By James 
Martin. New Edition. With numerous Illustrations. Crown 8vo, 2s. 6d., cioth. 

MAURICE-MORAL AND METAPHYSICAL PHILOSOPHY : 

Ancient Philosophy, comprising the Hebrew, Egyptian, Hindoo, Chinese, 
Persian, Grecian, Roman and Alexandrian Systems of Philosophy. By Rev. F. 
D. Maurice, M.A., Chaplain to Lincoln's Inn. Third Edition. Cr. 8vo, 5b., cloth. 
Philosophy of the First Six Centuries. Crown 8vo, 3s. 6d., cloth. 
Medijsval Philosophy. Crown 8vo, 6s., cloth. 
Modern Philosophy. Crown 8vo. In the Press, 

MENTAL science—Samuel Taylor Coleridge on METHOD ; Archbishop 
Whaiely's Treatises on LOGIC and RHETORIC. Crown 8vo, 5s., cloth. 

MERCANTILE AND MARINE GUIDE. By Graham Willmore, Esq., 
A.M., one of Her Majesty's Consel, and Edwin Beedell, Esq., of Her 
Majesty's Customs, London (author of The British Tariff). One large volume, 
8vo, L.l 5s., cloth. 

MILLER-LABOUR AND TRIUMPH: The Life and Times of Hugh Miller. 
By Thomas N. Brown. Third Edition. Foolscap 8vo, 3s. 6d., cloth. 

MITCHELL -THE PROPERTIES OF MATTER AND ELEMENTARY 
STATICS. By the Rev. Walter Mitchell, M.A., Queen's College, Cam- 
bridge. With numerous Illustrations. Crown 8vo, Is. oa., cloth. 

MONTGOMERY-CHRISTIAN PSALMIST: a Collection of Psalms and Hymns. 
Edited by James Montgomery. 18mo, 2b., cloth gilt. 

MONTGOMERY'S (ROBERT) WORKS- 
COMPLETE POETICAL WORKS^ collected and revised by the Author. New 

Edition, in one large handsomely prmted volume. Medium 8vo, 7s. 6d., cloth. 
THE OMNIPRESENCE OF THE DEITY, and other Poems, Twenty-ninth 

Edition. Small 8vo, Is. 6d., cloth. 
THE SANCTUARY: a Companion in Verse for the English Prayer- Book. 

Third Edition. Small 8vo, Is. 6d., bound. 
MORRISON-A COMPLETE SYSTEM OF PRACTICAL BOOK-KEEPING 

by Single Entry, Double Entry, and a New Method. By C. Morrison. Eighth 

Edition. 8vo, 8s., half-bound. 

NAPIER'S (JAMES) SCIENTIFIC MANUALS— 

MANUAL OF DYEING, Practical and Theoretical. With Engravings. Post 

8vo, 7s. 6d., cloth. 
MANUAL OF DYEING RECEIPTS. With Specimens of Cloth. Second 

Edition, revised and enlarged. Post 8vo, 7s. 6d., cloth. 
METALLURGY OF THE BIBLE. New Edition. Foolscap 8vo, 38., cloth. 
MANUAL OF ELECTRO METALLURGY; containing an Account of the 

most Improved Methods of Depositing Copper, Silver, Gold, and other metals. 

With numerous Illustrations. Third Edition, revised and enlarged. Crown 8vo, 

dB. 6d., cloth. 
MANUAL OF DYEING A.iai> DXm^Qc ^^Ck^ir^^k, With nomeroiu 
iiiustrations and Samples* ISew 1A\X.\oti. YcaV^sQA^^^-^^^'^* 
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NATURAL HISTORY OF THE INANIMATE CREATION: being a Guide to 
the Scenery of the Heavens, the Phenomena of the Atmoephere, and the Struc- 
ture and Geological Features of the Earth and its Botanical Productions. By 
Professors Anstbd, Smith, Scoffern, &c. With many Illustrations. Crown 
8vo, 8s. 6d., cloth. 

NATURAL SCIENCES— Manual of the Natural Sciences. By Professors Schobd- 
LER and Medlock. With numerous Illustrations. New Edition. Post Svo, 
3b. 6d., cloth. 

NEIL— DICTION ARY OF DATES ; containing upwards of 20,000 Historical Facts. 
Crown Svo, Is., limp. 

NEIL-THE STUDENT'S HANDBOOK OF MODERN HISTORY, from the 
Beginning of the Sixteenth Century to the Present Day. Edited by Samuel 
Neil, Esq. With Reflections on the French Revolution by Lord Brougham. 
Crown Svo, 5s., cloth. 

NEIL-SYNOPSIS OF BRITISH HISTORY, Chronological and Alphabetical. 
By Samuel Neil. New Edition. Crown Svo, 28., cloth. 

NICHOL-CYCLOPiEDIA OP THE PHYSICAL SCIENCES; comprising 
Acoustics, Astronomy, Dynamics, Electricity, Heat, Hydrodynamics, Magnet- 
ism. Philosophy of Mathematics, Meteorology, Optics, Pneumatics, Statics. By 
Professor Nichol, LL.D. Second Edition, revised and enlarged. WiUi maps 
and Illustrations. Svo, L.l Is., cloth. 

OGILVY— HIGHLAND MINSTRELSY. By Mrs. Ogilvy. With a Series of 
beautiful Illustrations on Wood by M*Ian. Small 4to, 7s. 6d., cloth, extra gilt. 

OLD ENGLISH POETRY; containing the Canterbury Tales by Chaucer. Edited 
by Wright; and the Robin Hood Ballads, edited by Ritson. Royal Svo, 
7s. 6d., cloth. I 

OLMSTEAD— NOAH AND HIS TIMES; embracing the consideration of various 
Inquiries Relative to the Antediluvian and Earlier Postdiluvian Periods. By 
Rev. J. M. Olmstead, M.A. New Edition. 12mo, 2s., cloth. 

OLNEY HYMNS, with Introductory Essay by James Montgomery. New Edition. 
Small ISmo, Is. 6d., cloth, gilt edges. 

OTTOMAN EMPIRE. History of the Ottoman Empire, from the Earliest Periods 
to the close of the Russian War, including a Sketch of the Greek Empire and 
the Crusades. By Col. Procter, Rev. J. E. Riddle, and J. M^Comechy. 
Second Edition. With Map. Crown Svo, 5s. 

OWEN-THE PRINCIPAL FORMS OF THE SKELETON AND THE 
TEETH, as the Basis for a System of Natural History and Comparative An- 
atomy. By Professor Owen, F.R.S. With numerous illustrations. Crown 
Svo, Is. 6d., cloth. 

PALEY— NATURAL THEOLOGY; or, the Evidence of the Existence and 
Attributes of the Deity. By W. Paley, D.D.^ Archdeacon of Carlisle. New 
Edition. With Notes and Dissertations by Lord Brougham and Sir Charles 
Bell. .3 vols., small Svo, 7s. 6d., cloth. 
THE SAME WORK. Cheap Edition. Small Svo, Ss. 6d., cloth. 

PEACOCK-TREATISE ON ARITHMETIC. By George Peacock, D.D., 
Dean of Ely. 4to,6s. 

PHILLIPS— MANUAL OF GEOLOGY, Practical and Theoretical. With Name- 
rous Illustrations. By John Phillips, M.A., F.R.S., F.G.S., Deputy Reader 
of Geology in the University of Oxford. Crown Svo, 126. 6d. 

PHILLIPS-MANUAL OF GOLD-MINING AND ASSAYING. By John A. 
Phillips, F.C.S. With Illustrations. Foolscap Svo, 2s. (Jd., cloth. 

PHILLIPS-MANUAL OF METALLURGY: being an Account of Assaying, 
Mining, Smelting, &c. By J. A. Phillips, F.C.S. Third Edition, revis<Mi 
and enlarged, with above 200 Engravings. Crown Svo, 12s. 6d., cloth. 

PHILLIPS-RECORDS OF MINING AND METALLURGY; or. Facts and 
Memoranda for the Use of the Mine Agent and Smelter. By John A. Phillips, 
and John Darlington. With numerous Illustrations. Crown Svo, (^, cloth. 

PHYSICAL SCIENCES-MANUAL OF THE PHYSICAL SCIENCES. By 
Professors Schoedlbr and Medlock. With numerous Illustrations. New 
Edition. Post Svo, 3s. 6d., cloth. 

PLAYMATE (THE); A Pleasant Companion for Spare Hours. A Series of inte- 
resting and instructive Stories by numerous Authors, with nearly 157 £ticn.xvGi9|> 
on wood. Second Edition. . Crown Svo, Ss., cVoUi. 
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POCOCKE-INDIA IN GREECK; or, TRUTH IN M ETHOLOGY ; containing 

an Account of the Sources of the Hellenic Race, the Colonization of Egypt and 

Palestine from India. &c., &c. By E. Pococke, Esq. Second Edition. 

Illustrated by Maps. Post 8vo, Ss., cloth. 
PROCTER-HISTORY OF THE CRUSADES; their Rise, Progress, and Results. 

By Colonel P&OCTER. With Illustrations after Gilbert, &c. Crown 8vo, 38. 6d.. 

cloth. 
PROUT- ELEMENTARY DRAWING-BOOK OF LANDSCAPES AND 

BUILDINGS. By Samuel P&out, F.S.A., comprising 124 subjects. Oblong 

8vo, 5s., cloth. 

RAMSAY'S (PROFESSOR) CLASSICAL WORKS— 

MANUAL OF ROMAN ANTIQUITIES. By William Ramsat, M.A., Pro- 
fessor of Humanity in the University of Glasgow. With Map, numerous 
Engravings, and very copious Index. Fourth Edition. Crown Svo, 8s. 6d., d. 

ELEMENTARY MANUAL OF ROMAN ANTIQUITIES. Adapted for 
Junior Classes. Numerous Illustrations. Crown 8vo, 4s., cloth. 

MANUAL OF LATIN PROSODY. Second Edition. Revised and greatly 
enlarged. Crown Svo, 59., cloth. 

ELEMENTARY MANUAL OF LATIN PROSODY. Adapted for Junior 
Classes. Crown Svo, 2s., cloth. 

SPEECH OF CICERO FOR AULUS CLUENTIUS, with Prolegomena and 
voluminous Notes. Second Edition. Crown 8vo, 6s., cloth. 

SELECTIONS FROM OVID AND TIBULLUS. With Notes. Third 
Edition. 12mo, 5s., cloth. 

RANKINE'S (PROFESSOR) PRACTICAL WORKS— 

MANUAL OF APPLIED MECHANICS. By W. J. Macquorn Rankine, 
LL.D., F.R.S., &c., Regius Professor of Civil Engineerinsr and Mechanics in 
the University of Glasgow. Second Edition. Crown 8vo, 12s. 6d., cloth. 
MANUAL OF THE STEAM ENGINE AND OTHER PRIME MOVERS. 

Numerous Illustrations. Second Edition. Crown 8vo, 123. 6d., cloth. 
MANUAL OF CIVIL ENGINEERING; comprising Engineering, Surveys, 
Earthworks, Foundations, Masonry, Carpentry. Metal Work, Roads, Railw^ays, 
Canals, Rivers, Waterworks, Harbours, &c. With numerous Tables and Illus- 
trations. Crown 8vo, cloth. 

REID-ESSAYS ON THE INTELLECTUAL POWERS OF MAN. By Thomas 
Reid, D.D. New Edition. Crown Svo, 5s., cloth. 

RELIGIOUS DENOMINATIONS— Cyclopaedia of Religious Denominations. An 
Authentic Account of the various Religions prevaiUng throui^hout the World, 
written by Members of the respective Bodies. Second Edition. Crown Svo, 
3s. 6d., cloth. 

RICHARDS-HARRY'S VACATION; or. Science at Home. By William C. 
Richards, M.A. Foolscap Svo, 3b. 6d., cloth. 

ROME-THE PICTORIAL HISTORY OF ROME, from the Foundation of the City 
of Rome to the Extinction of the Western Empire. By Rev. Thomas Arnold, 
D.D.; the Rev. Professor Jeremie, D.D.; Sir Thomas Noon Talfodrd, 
D.C.L.; and Others. ^Numerous Engravings. Three Volumes. Crown Svo, 
LI Is., cloth extra. 

ROMAN LITERATURE— History of Roman Literature. By Rev. Thomas 
Arnold, D.D,^ Rev. Henrt Thomson, M.A., Rev. J. H. Newman, B.D., the 
Rev J. M. Neale, M.A., and other Contributors. Crown 8vo, 7s. 6d., cloth. 

SABBATH BELLS CHIMED BY THE POETS. With beautifuUy coloured 
Illustrations, by Birket Foster. New Edition. Imperial 8vo, 10s. 6d., cloth 
elegant. 

SCHOEDLER AND MEDLOCK»S SCIENTIFIC TREATISES. 

With numerous Illustrations. Crown 8vo, each Is. 6d., cloth. 
ELEMENTS OF ASTRONOMY. i ELEMENTS OF GEOLOGY A MINERALOGY. 

ELEMENTS OF BOTANY. ELEMENTS OF NATURAL PHILOSOPHY. 

ELEMENTS OF CHEMISTRY. 1 ELEMENTS OF ZOOLOGY A PHYSIOLOGY. 

8COFFERN — ELEMENTARY CHEMISTRY-THE IMPONDERABLE 
AOENT8 : including Light, Heat, and VLV^ctrnvts , li^ Dr. Scoffbrn, M.B. 
Numeroua illustrations. Crowa Sno, ^., dotYk. 
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SCOFFERN — CHEMISTRY OF THE INORGANIC BODIES. By Dr. 
ScOFFERN, M.B. Numerous Illustrations. Crown 8vo, 3s., cloth. 

SCOFFERN-CHEMISTRY OF ARTIFICIAL LIGHT. With numerous Illus- 
trations. By Dr. Scoffern, M.B. Crown 8vo, Is. 6d., cloth. 

SCOTLAND DELINEATED, in a Series of Magnificent Tinted Litho/rraphs in 
the first style of Art. By Messrs. Day & Son, after Stanfield, Catterhole, 
Leitch, Crbswick, Roberts, Harding, Nash, M*Cdlloch, Turner, and 
Others. With Description by John Parker Lawson, M.A. Small folio, 
L2 2s., cloth extra, gilt edges. 

SCOTT— A COMMENTARY ON THE BIBLE; containing the Old and New 
Testaments, according to the Authorized Version. New Edition, with Ex- 

Slanatoi-y Notes. By Rev. Thomas Scott. Practical Observations, Copious 
[arginal References, Indexes, &c., 3 vols., royal 4to, 63s., cloth. 
SCOTT AND HENRY— THE COMMENTARY OF SCOTT AND HENRY 
ON THE HOLY SCRIPTURES. New Edition. Condensed by Rev. John 
M*Farlane, LL.D. Small folio, 21s., bound. 
THE SAME WORK. Large paper, with a Series of Illustrations by Dafid 
Roberts. Folio, L.4 10s., morocco super-extra. 

SENIOR-TREATISE ON POLITICAL ECONOMY: the Science which 
Treats of the Nature, Production, and Distribution of Wealth. By Nassau 
W. Senior, M.A. Fourth Edition. Crown 8vo, 4s., cloth. 

SERMONS FOR SABBATH EVENINGS. By Ministers of the Free Church of 
Scotland. With Introductory Essay by Hugh Miller. Third Edition. Small 
8vo, 2s. b'd., cloth. 

SHAKSPE ARE'S WORKS: Various Editions— 

DRAMATIC AND POETICAL WORKS. With Life and Notes. Cheap 
Edition. 8vo, ds., cloth. 

DRAMATIC WORKS. Edited by Charles Knight. The Stratford Edition- 
New Edition. 6 vols, foolscap 8vo, 21s., cloth. 

DRAMATIC AND POETICAL WORKS. Revised from the Original Editions, 
with a Memoir, and Essay on his Genius, by Barry Cornwall. Also, Anno- 
tations and Introductory^ Remarks on his Plays, by R. H. Horne and others. 
With numerous Engravings by Kenny Meadows. 3 vols., super-royal 8vo, 
42s., cloth. 

DRAMATIC AND POETICAL WORKS. Edited by T. O. Halliwell. 
With a Series of Steel Portraits. 3 vols., royal 8vo, L.2 lOs., cloth gilt. 

SMEDLEY— THE OCCULT SCIENCES— Sketches op the Traditions and 
Superstitions op Past Times and the Marvei^ op the Present Day. 
By Rev. E. Smedley, M.A.; W. Cooke Taylor, LL.D.; Rev. H.Thompson, 
M.A.; and Elihu Rich, Esq. Crown 8vo, 6s., cloth. 

SMITH.— BOTANY, STRUCTURAL AND SYSTEMATIC. With numerous 
Microscopic and other Illustrations. By Edward Smith, M.D., LL.B. 
Crown 8vo, 2s., cloth. 

SOUTHGATE-MANY THOUGHTS ON MANY THINGS : a Complete 
Treasury of Religious, Moral, and Literary Reference. By Henry South- 
gate. Second Edition. Small 4to, LJ Is., cloth, gilt edges. 

SPOONER. -VETERINARY ART : a Practical Treatise on the Diseases of the 
Horse. By W. C. Spooner, Esq. With 50 Engravings. Crown 8vo, 3s., cloth. 

SIR JOHN STODDART'S WORKS- 
TREATISE ON GLOSSOLOGY; OR, the Historical Relations op Lan- 
guages. Crown, 8vo, 78. 6d., cloth. 
TWO DISSERTATIONS ON UNIVERSAL HISTORY-/Yrs/; On the Uses 
of History as a Study. Second: On the Separation of the Early Facts of History 
from Fable. Crown 8vo, Ss., cloth. 
UNIVERSAL GRAMMAR ; or, the Pure Science of Language. Third Edition, 
revised. Crown 8vo, Ss., cloth. 

TENNENT-CRYSTALLOGRAPHY AND MINERALOGY. By Proffeasor 
Tennent and the KeY. W. Mitchell, M.A, With Illustrations. GrQ^incL^<c^^ 
Ss., cloth. 



16 NEW W0RK8 AND NEW EDITIONS. 



J 



THOMSON-DICTIONARY OP CHEMISTRY. Practical and Theoretical, with 

its Applications to Mineralc .... ,^ ^ ^ ™ 

M.D., F.R.Sm F.C.S., Pro! 
London. With numerous ' 

THOMSON-A DICTIONARY OP DOMESTIC MEDICINE AND HOUSE- 
HOLD SURGERY. By Spencer Thomson, M.D., L.R.C.S., Edin. With 
numerous Illustrations. Eighth Edition. Post 8vo, 7s., cloth. 

THOMSON AND YOUNG-THE POETICAL AND DRAMATIC WORKS 
OF James Thomson and Edward Young, D,D, New Edition. Medium 8vo, 
78. 6d., cloth. 

TWISDEN-PLANES, SERIES, AND LOGARITHMS. By the Rev. J. P. 
TwiSDEN, M.A., late Scholar of Trinity College, Cambridge, and Mathematical 
Professor, Sandhurst College. With numerous Illustrations. Crown 8vo, 1b., 
cloth. 

TWISDEN-PLANE AND SPHERICAL TRIGONOMETRY AND MENSU- 
RATION. By the Rev. J. P. Twisden, M.A. With Illustrations. Crown 
8vo, Is. 6d., cloth. 

TYNG-THE GOSPEL IN RUTH. SmaU 8vo, Ss. 6d., cloth. 

UNIVERSAL HISTORY-CYCLOPiEDIA OP UNIVERSAL HISTORY; 
comprising Tabular Views of Contemporaneous Events in ail Ages, from the 
Earliest Records to the Present time, arranged Chronologically and Alpha- 
betically. Edited by Isaiah M*Burney, LL.D., and Samuel Neil, Esq. 
Second edition. Post 8vo, 10s. 6d., cloth. 

VIRGILII OPERA-THE COMPLETE WORKS OP VIRGIL, from the Text of 
Heyne and Wagner, with 300 Illustrations, from the most authentic sources, and 
Introductory Dissertation on the Life and Poetry of Virgil, by Rev. Henrt 
Thompson, M.A., late Scholar of Cambridge. Crown 8vo, 8s. 6d., cloth. 
THE SAME WORK, with a Series of Illustrated Notes, by A. H. Bryce, B.A., 
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